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FOREWORD

This report documents the first phase of An Analytical and Conceptual Design
Study for an Earth Coverage Infrared Horizon Definition Study performed
under National Aeronautics and Space Administration Contract NAS 1-6010
for Langley Research Center.

This study provides for delineation of the experimental data required to define
the infrared horizon on a global basis and for all time periods. Once defined, a
number of flight techniques are evaluated to collect the experimental data re-
quired. The study includes assessment of the factors which affect the infra-
red horizon through statistical examination of a large body of meteorological
information and the development of a state-of-the-art infrared horizon simu-
lation.

The contractual effort was divided into numerous subtasks which are listed
as follows:

Infrared Horizon Definition - A State-of-the-Art Report

Derivation of a Meteorological Body of Data Covering the Northern
Hemisphere in the Longitude Region Between 60°W and 160°W from
March 1964 through February 1965

The Synthesis of 15u Infrared Horizon Radiance Profiles from mete-~
orological Data Inputs

The Analysis of 15y Infrared Horizon Radiance Profile Variations
Over a Range of Meteorological, Geographical, and Seasonal
Conditions

Derivation and Statistical Comparison of Various Analytical Tech-
niques Which Define the Location of Reference Horizons in the
Earth's Horizon Radiance Profile

The 15p Infrared Horizon Radiance Profile Temporal, Spatial, and
Statistical Sampling Requirements for a Global Measurement
Program

Evaluation of Several Mission Approaches for Use in Defining Ex-
perimentally the Earth's 15u Infrared Horizon

Evaluation of the Apollo Applications Program Missions for Use in
an Earth Coverage Horizon Measurement Program in the 15y Spec-
tral Region

Computer Program for Synthesis of 15u Infrared Horizon Radiance
Profiles

Compilation of Computer Programs for a Horizon Definition Study
iii
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Compilation of Atmospheric Profiles and Synthesized 15y Infrared
Horizon Radiance Profiles Covering the Northern Hemisphere in the
Longitude Region Between 60°W and 160°W from March 1964 through
February 1965 - Part I

Compilation of Atmospheric Profiles and Synthesized 15y Infrared
Horizon Radiance Profiles Covering the Northern Hemisphere in the
Longitude Region Between 60°W and 160°W from March 1964 through
February 1965 -~ Part II

Horizon Definition Study Summary - Part I

Honeywell Inc. Systems and Research Division, performed this study program
under the technical direction of Mr. L. G. Larson. The program was con-
ducted during the period 28 March 1966 through 10 October 1966.

The study results from the first five subtasks listed previously are of consid-
erable interest and warrant wide distribution to the scientific community., It
is anticipated that the results of the last eight subtasks are of limited interest
to the general scientific community; therefore, distribution is provided to

U. S. Government Agencies only.

Results and conclusions of many theoretical and experimental groups are
presented in this report. This information was obtained from the literature
in the field, government reports, and personal communications. Acknow-
ledgement is given to the many companies and individuals which supplied
information and data.

Gratitude is extended to NASA /Langley Research Center for their technical
guidance, under the program technical direction of Mr. L.. Keafer and direct
assistance from Messrs. J. Dodgen, R. Davis and H. Curfman, as well as
the many people within their organization.
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INFRARED HORIZON DEFINITION
A STATE-OF-THE-ART REPORT

By

Raymond J. Kirk - Honeywell, Inc.
Bruce ¥. Watson - Honeywell, Inc.
Edward M. Brooks - GCA Corporation
Robert O'B. Carpenter - GCA Corp.

SUMMARY

The requirement for definition of the Earth's horizon develops from the need
for improved attitude reference in space vehicles. It appears that horizon
sensors, operating on the Earth's infrared horizon, can provide an accurate,
lightweight, and reliable reference system if the horizon anomalies can be
ascertained and shown to be systematic in nature to allow removal of errors
for the sensor by calibration. Delineation of an effective Earth horizon defini-
tion study demands an extensive examination of present knowledge and theories
regarding the Earth's radiance characteristics, techniques for analysis of
radiance profile variations, and performance of radiance detector equipment.
These areas were examined in depth and this report presents a comprehensive
collection of this knowledge. The past activities examined include both the-
oretical and experimental programs. Within the theoretical area, studies of
meteorology, atmospheric physics, and horizon profile modeling and synthe-
sis were analyzed to ascertain their relative effects on horizon definition.
Results of past experimental programs were reviewed to determine the most
stable region of operation within the infrared spectrum. Factors which affect
the horizon profile were examined to separate the systematic from the non-
systematic. Each of the horizon uncertainties are then available for use in
synthesizing profiles to ensure proper profile construction.

Due to the lack of sufficient experimental radiance data, an examination of

the basic meteorological factors contributing to the horizon radiance profile
was conducted to allow synthesis of radiance profiles. General characteristics
of the atmosphere and techniques for modeling or sampling it were examined.
Special atmospheric conditions which could cause variations in the 15 micron
horizon profile including concentration variations of water vapor, ozone, car-
bon dioxide, cloud conditions, and thermal variations are described in detail.

Theoretical horizon radiance profiles have been synthesized from the basic
meteorological factors by many investigators using widely varying assumptions
and input data. This work has been examined as it relates to techniques for
computing horizon radiance profiles from atmospheric temperature profiles.
Effects on the radiance profiles of varying transmissivity data, atmospheric



refraction, Doppler broadening, and absence of local thermodynamic equili-
brium were also examined to ensure that complete knowledge of their effects
are available for profile synthesis. Variations in the radiance profiles as a
function of temperature, clouds, atmospheric circulations, spatial and tem-
poral parameters, and wavelengths were also assessed to ascertain their
relative effects on profile synthesis.

The results and conclusions from past experimental Earth radiance measure-
ment programs applicable to horizon definition in the 14 to 16 micron spectral
region were analyzed for applicability to present horizon definition activity.
Reviewed were the IRATE, X-15, D-61, Kodak, Tiros, and Nimbus programs
along with several balloon radiance measurement programs. Documentation
of the flight performance of horizon sensor equipment and techniques for im-
proving sensor accuracy is described to supplement earlier horizon sensor
state-of-the-art performance data.

The experimental horizon radiance measurement programs to date have each
provided valuable information about the Earth's horizon. However, for pur-
poses of horizon definition in the 15 micron region, each program has been
lacking in one or more aspects such as spatial coverage, temporal coverage,
spectral resolution, spatial positioning, or field of view. All of these aspects
must be considered to develop a horizon measurement program to adequately
define the Earth's horizon; these aspects were examined and presented to as-
sist the reader in assessing the overall horizon definition problem.
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INTRODUCTION

Although horizon sensors for vehicle guidance and control have been in exis-
tence since 1958 and are used on the majority of orbital space vehicles, the
state-of-the-art in their design has been limited because many infrared char-
acteristics of the Earth's radiance profile are not well known. These charac-
teristics must be accurately determined in order to realize the ultimate design
and maximum accuracy of horizon sensors. Given a comprehensive knowledge
of the horizon profile, an optimum sensor mechanization can be designed by
incorporating signal processing logic with optical and electronic filtering,
electronic compensation, and computer modeling techniques.

Theoretical analyses and evidence from several previously conducted experi-
mental programs have indicated the carbon dioxide absorption band around 15
microns (u) provides the most promise for infrared horizon sensing. The
purpose of this report is to compile and summarize the key elements of past
work and present the state-of-the-art of Earth horizon definition in the 15 u
spectral region.

Due to the limitations in empirical data on the CO2 horizon, the state-of-the-

art in horizon definition is predominantly theoretical work. Recent experi-
ments by the Langley Research Center and Air Force Cambridge Research
Laboratories have significantly improved the knowledge of the characteristics
of the horizon through high resolution radiometric measurements but data
reflecting horizon definition over a large space and time domain covering the
surface of the Earth remains to be completed before the effects of geographical
location, seasonal and diurnal variations, meteorological and severe dust con-
ditions, gross geomorphological features, and solar phenomena are to be eval-
uated. Furthermore, the measurements must be made in sufficient quantity

to establish a high level of statistical confidence.

The theoretical work on horizon definition involves analysis of the explicit
factors which affect the radiance such as atmospheric temperature and pres-
sure, and implicit factors such as latitude, longitude, time, and meteorological
variables. Implicit factors are those which affect the infrared radiation from
the Earth's horizon through their respective effects on the direct explicit
factors. Modeling techniques have served to provide a better understanding

of horizon variations and the physical relationship between atmospheric vari-
ables and the infrared emission from the Earth's horizon.

A state-of-the-art report, "Infrared Horizon Sensors, ' Duncan, et al.,
University of Michigan, 1965, summarizes the present state-of-development
of horizon sensing hardware and associated errors; updating of that work is
included in this report. However, this report deals primarily with the prob-
lem of horizon definition and measurement rather than the hardware instru-
mentation. Treated as an entity, these two reports provide for a complete
background and the state-of-the-art in horizon sensors and horizon definition.



This report summarizes the state-of-the-art of theoretical and experimental
work for infrared horizon definition, including a discussion of meteorology
and its implications in radiance profile computations. Techniques for radiance
profile modeling, validity of assumptions, and approaches used by previous
investigators are described for comparative purposes and justification of
present techniques. Descriptions of the systems and results of prior Earth
radiance measurement programs and their applicability to horizon definition
in the 15 micron spectral region also is given to indicate the relationship be-
tween past theoretical and experimental work. Since this report presents a
synopsis of past effort, a complete bibliography of all pertinent work was
prepared to allow analysis in greater depth.

The results of the compilation of all past theoretical and experiment effort in
horizon definition has a significant bearing on developing an understanding of
the problem and provides the framework for formulating a complete program
approach for definition of the Earth's infrared horizon.
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METEOROLOGICAL INPUTS FOR HORIZON PROFILE SYNTHESIS
INTRODUCTION

The infrared horizon profile of the Earth depends on the vertical distribution
of temperature and the absorbing constituents of the atmosphere. To analyze
variations in the profile, it is presently necessary to generate horizon rad-
iance profiles from meteorological data, since sufficient measurements
directly on the horizon are not available. Variations in the input data then
appear in the resulting profiles. Meteorological inputs for radiance profile
calculations in the 15 p COZ region are atmospheric (temperature, pressure,

height) profiles; special anomalies, such as clouds; and composition of the
atmosphere.

One reason for choosing a carbon dioxide band for horizon definition is that
the carbon dioxide mixing ratio in the atmosphere is relatively constant com-
pared with other possible gaseous absorbers, such as water vapor or ozone.
Thus, the time and space variability of the radiance profile due to variations
in atmospheric carbon dioxide can be expected to be minimal. Another reason
for choosing the 15 p carbon dioxide band is that this is a rather strong ab-
sorption band. Thus, the outgoing radiation in this band will originate mainly
from relatively high levels in the atmosphere, rather than at the surface or
in the troposphere. This reduces the effects of large variations in surface
temperature and, more importantly, the effects of tropospheric cloudiness
on the outgoing radiation.

This section summarizes the state of the art of meteorological data and meas-
urement techniques for use in generation of Earth horizon radiance profiles
in the 15 p CO2 spectral region. General characteristics of the Earth's at-

mosphere are described. Improvements in modeling of the atmosphere and the
value of the model atmospheres for radiance profile computation are discussed,
Generation of a set of sample atmospheric profiles for analyzing radiance pro-
file variations is outlined. Special atmospheric effects, such as clouds,
stratospheric warmings, etc. can cause significant variations in the radiance
profile. Although the carbon dioxide concentration in the atmosphere is gen-
erally assumed to be constant for radiative transfer calculations, there are
small space and time variations. Since the horizon radiance profile in the 15p
band depends upon the CO2 concentration, measurements on the atmospheric

C02 concentration are reviewed.

ATMOSPHERES

THE REAL ATMOSPHERE

Parameters

Behaving very nearly as a perfect gas, the atmosphere of the planet Earth
can be defined in terms of five parameters. These parameters are pressure,

5



temperature, density, molecular weight, and composition. These parameters
may be related to each other by the equation of state for a perfect gas,

- M _P

p - R* X T . (1)
where ¢ is the density, P the pressure, T the temperature, R* the uni-
versal gas constant, and M, the mean molecular weight, which is a function
of composition,

In addition to R*, M may be regarded as a constant, af least to an altitude of
about 90 kilometers (ref. 1). Above that altitude, where dissociation and dif-
fusive separation occurs in the atmosphere, M can no longer be regarded as
a constant.

Atmospheric pressure change may be related to altitude change in the atmos-
phere by the relation '

dP = -pgdz (2)

where g is the acceleration of gravity and z is altitude. This equation is
known as the hydrostatic equation. It will be noted that one may uniquely de-
termine the pressure knowing altitude and density, or the altitude knowing
density and pressure. The hydrostatic equation is actually valid only for a
static atmosphere, air motion aloft will cause departures from the relation.
The error is seldom serious, except in regions of extreme air motion.

Combining Equations (1) and (2) the barometric equation
z
- _ f Mg(z) (3)
P = PO (exp / R:}:T(Z) dz
o

is obtained showing that the pressure is uniquely determined also by knowing
temperature and altitude. Again this equation is only true for hydrostatic
equilibrium.

In meteorology, the commonly used units of the above are density, p, in
gms/cubic cm; pressure, P, in millibars; temperature, T, in degrees
Kelvin (but degrees Celsius for chart plotting), and g, the acceleration due
to gravity in centimeters per second per second.

Other parameters, which are not defining parameters, include specific weight,
pressure scale height, density scale height, number density, mean air par-
ticle speed, mean free path, collision frequency, mole volume, the coefficient
of thermal viscosity, kinematic viscosity, and the speed of sound. More on
these parameters, as well as the defining parameters, appears in the sub-
section on standard atmosphere.



Atmosphere of the Planet Earth

Gas content. -- The atmosphere of Earth is a mixture of gases in varying
amounts. These gases are components of the "gas" known as air. At present,
only one gas, carbon dioxide, (C02) is changing its average concentration in

significant amounts. Two other gases, water vapor and ozone, though rela-
tively constant in average concentration on the order of at least decades, are
extremely variable with respect to time and space.

In the higher atmosphere, the relative ratio of gases to each other may be
changing appreciably at present because of the constant injection of consti-
tuents from rocket fuel as a result of the space efforts of the United States

and the Soviet Union. Reliable measurement of high-altitude gases was not
possible before the advent of the rocket, but it is to be noted that contamina-
tion of the high atmosphere is not preventable if it is desired to deliver sen-
sors to those regions. At the present time, this contamination is insignificant
for horizon definition to altitudes of 90 km.

Because water vapor is so variable, it is usually left out of tables of the
relative amounts of gases comprising the atmosphere. Table 1 shows the
relative amount of the various gases comprising the Earth's air at sea level.

Solid and liquid content. -- In addition to the gas content, the atmosphere
contains liquids and solids.

Solids are present in the form of minute particles of "dust', vegetative
material, and salt which are injected into the air, but which fall out slowly
because of their small size.

Liquid is present as a result of the condensation of water vapor. Many of

the solids in the atmosphere are surrounded by a film of condensed water.
Small water droplets, together with the dust, vegetative material, and salt,
form an envelope of haze about the Earth. Over the greater part of the Earth,
this haze scatters light and restricts visibility to much lesg than would be
encountered in pure, dry air. The liquid water droplets are also very effec-
tive in absorbing radiation in the infrared portion of the spectrum.

Droplets of liquid water often grow in size to the point where their size
severely restricts the transmittance of radiation in both the visible and infra-
red. The result can be seen visually as fog. Even more common is the
sudden condensation of water vapor into liquid water aloft, with a cloud
resulting, Cloud droplets are much larger than haze droplets, and thus can
settle faster. Cloud droplets often grow so large that they fall to the Earth
as rain. More frequently, liquid droplets comprising a cloud, freeze into ice
crystals or snow, and fall.



TABLE 1., -NORMAL COMPOSITION OF CLEAN, DRY A’TMOSPHERIC
AIR NEAR SEA LEVEL

[From ref. 1]

Constituent gas Content, percent C:g;rilzev?gi;ls)le Molecular
and formula by volunier:ﬁ B gornial Weight_g_)_
Nitrogen (N2) 78.084 -—- 28.0134
Oxygen (02) 20. 9476 --- 31.9988
Argon (Ar) 0.934 --- 39, 948
Carbon dioxide (COZ) 0.0314 (b) 44, 00995
Neon (Ne) 0.001818 - 20.183
Helium (He) 0. 000524 --- 4.0026
Krypton (Kr) 0.000114 - 83. 80
Xenon (Xe) 0. 0000087 --- 131. 30
Hydrogen (H2) 0. 00005 ? 2.01594
Methane (CH4) 0. 0002 (b) 16. 04303
Nitrous oxide (N20) 0. 00005 --- 44,0128
Ozone (03) Summer; 0 to 0. 000007 (b) 47,9982
Winter: 0 to 0.000002 (b) 47,9982
Sulfur dioxide (SOZ) 0 to 0.0001 (b) 64. 0628
Nitrogen dioxide 0 to 0. 000002 (b) 46. 0055
(NOZ)
Ammonia (NH2) 0 to trace (b) 17.03061
Carbon monoxide(CQO) 0 to trace (b) 28. 01055
Iodine (12) 0 to 0.000001 (b) 253. 8088
2 0n basis of carbon-12 isotope scale for which C12 =12,
b The content of the gases marked with a dagger may undergo significant
variations from time to time or from place to place relative to the normal
indicated for those gases.

Thus, the atmosphere at any given time holds vast quantities of non-gaseous

material,

Since these non-gaseous materials, especially clouds, are gen-

erally opaque to infrared radiation and strongly reflect solar radiation,

they are very important to radiative considerations.

Further, because clouds

may extend to 22 kilometers or more, they penetrate to levels where non-
window atmospheric radiation, even in the very opaque regions, originates,
and cause satellite channels in these regions to become contaminated by cloud-
top radiation in addition to the radiation from the gases (ref. 2).



The shape of the atmosphere. ~-- As a gas confined to the Earth by gravity,
the height of a given density level of the atmosphere is partly governed by the
acceleration of gravity at that point. Farther out, and beyond the region of
consideration here, the atmosphere undergoes shaping by the solar wind.

The lower boundary of the atmosphere is shaped by the irregular topography
of the Earth. Mountains, hills, and valleys give the lower boundary an
irregular shape. Where water rather than land exists, the atmosphere-water
boundary is shaped by the waves, the tides, and the uneven height of the sea
caused by the mean motion of the air itself over long distances.

Despite the irregular shape of the atmosphere, and lack of precise knowledge
of the high atmosphere, the total mass of the atmosphere is known to within
an uncertainty of less than one percent (ref, 3).

Atmospheric altitude regions. -- The atmosphere of the Earth has been
divided into various ''spheres of altitude'' by various workers, the division
usually being dictated by the interest of the particular scientific discipline,

In reality, the layers of atmosphere cannot be thought of as having sharp
boundaries. Indeed, even the air-ocean interface is not a sharp boundary;
many energy exchanges between the air and ocean exist.

In meteorology, the atmosphere is usually divided into the troposphere,
stratosphere, mesosphere, and thermosphere. The tropopause, stratopause,
and mesopause form the upper boundaries of the first three of these. The
altitudes of these boundaries are not constant in time and space. For example,
the tropopause above the tropics is usually quite high, approximately 18
kilometers, is marked by a sharp inflection point in the temperature curve,

and undergoes little seasonal variation. The tropopause in the middle
latitudes and the polar regions is considerably lower, and undergoes strong
seasonal altitude variations, which vary from about 8 to 14 kilometers. The
winter tropopause above the polar regions almost disappears completely, being
marked by a very weak inflection point in the temperature curve. Above the
inflection point, the temperature curve, unlike that of the tropics and mid-
latitude, continues to decrease to an altitude of about 30 kilometers. This

is much higher than the tropical tropopause, so that the coldest temperatures
in the mid-stratosphere occur over the winter pole.

The stratopause, which occurs at an altitude of about 50 kilometers, is a
region of high temperature, with temperatures similar to those experienced
at the Earth's surface. This is a region in which ultraviolet is strongly
absorbed by ozone, which is so absorbent in the ultraviolet. even in small
amounts, that it virtually acts as an opaque surface. As a result of the
dependence of ozone's ultraviolet absorption at this altitude, the warmest
stratopause is found in the high latitude summers where the sun impinges on
the ozone layer continuously for long periods. Over the winter pole, the
stratopause is much colder, and although it is weak, it is still at a tempera-
ture maximum, probably due largely to advection of air atthatlevel from sun-
lit areas.



The atmosphere may be divided into three regions depending on the techniques
used to measure it. The lower atmosphere, to about 30 kilometers is most
economically measured by balloons; the middle atmosphere from 30 to 200
kilometers by rocket; and the high atmosphere, above 200 kilometers, by
satellite,

MEASUREMENTS OF THE ATMOSPHERE

The Lower Atmosphere

Scientific measurement of the lower atmosphere began in Italy several cen-
turiesago with the invention of the thermometer by Galileo and the invention
of the barometer by Toricelli. It was known at an early date that pressure
and temperature decreased in general as one ascended a mountain.

Early quasi-vertical measurements of the lower portion of the atmosphere
were made by climbing mountains, and in the 19th century, manned balloons
were used to make measurements. Around the turn of the 20th century, kites
were introduced to make observations on a more regular basis, in addition to
unmanned balloons, and later airplanes.

Several decades ago, regular measurements of the troposphere began to
appear, with the introduction of the balloon-borne vertically-ascending
radiosonde. More recently, the transosonde, or super-pressure constant-
density balloon, (which moves horizontally along constant density surfaces)
has made its appearance, especially since the development of a system which
is not dangerous to aircraft. Further, the vertically ascending radiosonde
system has been improved constantly over the past few years, so that heights
of about 30 kilometers for an ascent are no longer considered highly unusual.

The Middle Atmosphere

That portion of the atmosphere between 30 and 300 kilometers is per-

haps the most poorly documented portion at the present time although many
studies have been made in the past few years. The poor documentation is
principally due to the face that this portion is too high for most balloons and
too low for orbiting satellites. Recent advances in rocketry and in rocket-
sensing devices and techniques have contributed much, however, to the present
state of knowledge.

In situ investigation of this middle region of the atmosphere began with
German-developed rockets. Initial investigation with these rockets began at
White Sands Proving Ground on October 10, 1946 (ref. 4). Six data-gathering
flights subsequent to that famous flight were made in the ensuing four years.
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The 1946 flight produced the first pressure, density, and temperature data in
these regions, the rocket being equipped with pressure and density gages.
The height of the rocket was tracked optically and by radar. These data,
along with several other flights ocurring up to 1952, were analyzed and des-
cribed by Havens, Koll, and LaGow (ref. 4).

During the 1950's, flights were made with improved rockets, such as the
Aerobee at White Sands, and that decade saw the introduction of extensive
flights at Guam and Ft. Churchill, Manitoba, to collect data at tropical and
sub-polar locations, respectively (ref. 5). New techniques for sounding were
also developed and used in this decade, such as rocket grenades, falling
spheres, and chaff released and observed on radar.

Rocketry improved in 1958, at which time the solid-fuel Nike-Cajun replaced
the liquid-propoelled Aerobee Rocket (ref. 6). Steady improvements in data
collection were made in the early 1960's, and this decade has already seen
the introduction of the Meteorological Rocket Network (MRN) (ref. 7), con-
sisting of a working agreement and scheduling between various efforts at
White Sands, New Mexico; Eglin AFB, Florida; Cape Kennedy, Florida;
Wallops Island, Virginia; Tonopah, Nevada; Kindley, Bermuda; Point Mugu,
California; Ft. Greely, Alaska; and Ft. Churchill, Manitoba.

Sensing techniques have also improved, notably with the development and
introduction of the miniature bead thermistor (ref. 8) aboard a parachute
ejected by rocket to measure temperature directly in these middle regions
of the atmosphere.

This thermistor has resulted in improved detail of temperature measure-
ments over much of this region. This latter system also employs radar
tracking of the parachute to get wind velocities.

The High Atmosphere

The high atmosphere is that part (from about 200 kilometers upward) which
lacks sufficient density to preclude the orbital decay of an artificial satellite
for at least a small number of orbits. The in situ study of this portion of
the atmosphere was initiated with the celebrated flight of Sputnik 1 by the
Soviet Union in 1957, In the near-decade since that time, accelerating know-
ledge of this region of the atmosphere has continued on up to the present day.

Although this portion of the atmosphere is highly deserving of study, not much
need be said concerning it here since it is not of grave importance to what is
to follow, the density is too low to contribute significantly to the radiance
profile.
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MODELING THE ATMOSPHERE

Average Atmosphere

If extensive observations of the basic parameters of the entire atmosphere of
the Earth were made at equal intervals of space and time, these observations
averaged together could perhaps determine an average atmosphere for the
Earth. Some account would, of course, have to be made for the fact that while
most observations would be made at sea level, many would have to be made
from high plateaus and mountains.

If this were done, it would be found that such an atmosphere would probably
never exist in nature, and that the average atmosphere might not even be
mathematically consistent, if independent observations of the defining para-
meters were made.

In most areas, comparison of the individual observations made in a particular
spot would not be similar from the winter season to the summer. Additionally,
an observation of the atmospheric vertical profile made in the tropics would
probably never match one taken in the polar regions.

Observational data at present preclude the accomplishment of such a feat, but
from the standpoint of constructing a 'true average atmosphere'' the execution
of such a construction would result in no great useful purpose beyond academic
interest. Further, we already have at our disposal an approach to document-
ing the atmosphere that is satisfactory for most applications, namely, the
concept of a model atmosphere.

The Model Atmosphere Concept

A model atmosphere is a representation of the relation between pressure,
temperature, and density which is mathematically consistent with the equation
of $tate and the hydrostatic equation [Equations (1) and (2)], and which
approximates values of these three parameters typically found in a particular
geographical region or climatic zone of the Earth, perhaps in a particular
season.

Attempts at the construction of a model atmosphere began about a century ago.
With the advent of World War I, more accurate information was needed by
aircraft desjgners and artillery personnel on the pressure and temperature to
be expected (ref. 9). Observations of these parameters were the most plenti-
ful in Europe, and workers on both sides of the battle lines generated model
atmospheres., These atmospheres were constructed analytically to provide
consistency between pressure and density.
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In 1919, Toussaint proposed a model atmosphere which had certain desirable
qualities which still govern model atmosphere construction today. Toussaint's
model did not purport to be an average atmosphere, since it excluded the
variable gas, water vapor, from the model. He did use, however, accepted
international units of measurement. Outstandingly, he used a segmented
straight-line function for temperature change with height, rather than a
smooth curve to represent his model. A straight-line segmented function

has the advantage of simplicity and ease-~of-handling of points intermediate
between chosen values.

Toussaint, working in 1919,had the benefit of a fair amount of data which the
workers of a decade earlier did not have, Thus, he was able to generate a
model which was valid. Toussaint took temperatures as the basic parameter
for constructing his atmosphere. He chose a temperature of 15 degrees
Celsius for his model value of temperature at sea-level, and a constant
temperature gradient of -0. 0065°C /meter from sea-level to 11 000 meters.
The tropopause was defined to be at 11 000 meters with a temperature of
~56.5°C. This temperature value is interdependent with his values of surface
temperature and temperature gradient. From 11 to 20 kilometers, the
temperature was kept constant at -56. 5°C, since this is the region partly
comprising the stratosphere.

Toussaint's work was so outstanding that his basic approach and formulations
have since been used as a basis for all acceptable model atmospheres. A
glance at pages 39 and 45 of the latest U.S. Standard Atmosphere (ref. 1)
reveals a standard temperature of 15. 0 degrees Celsius at sea level and a
temperature of -56. 5 degrees Celsius at 11 000 meters (which is still the
model height of the tropopause), which are Toussaint's exact values. His
practice of using temperature as the basic defining parameters has also been
followed by subsequent workers.

Toussaint's model was based on data gathered in the lower atmosphere of
the middle latitudes, largely in the warring nations of World War I. Thus,
the values appearing in his model are applicable to mid-latitude nations.
Since that time, planning and design demands have required atmospheric
models for various seasons of the year, major climatic regions, and for
higher altitude. Consequently, models which have made their appearance in
recent years bear such names as "arctic winter' and 'tropical''. Although
these models, naturally, do not use Toussaint's mid-latitude temperature
values and extend to much higher altitudes, they do preserve many of
Toussaint's proposals, such as straight-line segmentation of temperature.

Standard Atmospheres

Scientists in several nations recognized the advantage of having one model
atmosphere as a common reference. As a result Toussaint's basic model
was adopted in Europe, and became the general accepted standard. However,
in the United States in 1922, Gregg formulated a U. S. Standard

Atmosphere. Gregg's standard was analytic to only about 10 kilometers;
between 10 and 20 kilometers he merely presented observed data.
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In 1924, the model based on Toussaint's temperature-altitude function was
adopted as the international standard by the International Committee on Air
Navigation (ICAN). The standard was also accepted throughout Europe.

However, the very next year in the United States, Diehl modified, extended,
and amplified Gregg's work, redrew the tropopause at 65 000 feet (using
English units), and used a temperature of -55 degrees Celsius as his tropo-
pause value. This became the next U.S. Standard Atmosphere.

Other revisions to the U.S. standard were made by Brombacher in 1926 and
1935. It was not until 1952 that the U, S. Standard Atmosphere and

the European atmosphere agreed. The United States agreed to accept the
ICAN values of tropopause altitude and tropopause temperature, while Europe
agreed to accept the United States sea-level value of gravity.

After World War II, other workers were concerned with the upward extension
of the standard atmosphere, because of the interest generated by the rocket
firings at White Sands. Models appeared in 1947 and 1948 by Warfield and
Grimminger, respectively; in 1952 and 1953, meetings were held for inter-
ested scientists to examine and discuss rocket data. Various proposals and
models were generated, and eventually an extension proposed by Minzner
(who gives an interesting account of the meetings in his paper (ref. 10), as
well as fine details on the other material in this section) was adopted. As a
result of Minzner's proposals, a model atmosphere to 130 kilometers was

adopted.

As more and better rocket data became available, the ARDC model and exten-
sion to the U.S. Standard Atmosphere was generated in 1956. This atmos-
phere was tabulated to just over 542 kilometers.

With the increase in knowledge of atmospheres by the information generated
by high-rising radiosondes, rockets and satellites between 1956 and 1962,

a new model atmosphere to greater heights and to greater accuracy became
possible; in 1962, the Committee on Extension to the Standard Atmosphere
(COESA) adopted a new U.S. Standard Atmosphere. This model atmosphere,
which gives tabulations to 700 kilometers, divides the atmosphere into four
altitude regions of geopotential altitude, based on the increasing uncertainty
of information. The region from -5 to 20 geopotential kilometers is desig-
nated proposed; from 30 to 90 geopotential kilometers is designated tentative;
and from 90 to 700 geopotential kilometers is designated as speculative. Note
that only the lowest 20 geopotential kilometers are regarded as standard.

The 1962 Atmosphere uses a sequence of connected linear segments for
temperature, following Toussaint's method, but above 100 kilometers is uses
a smoothed curve for molecular scale temperature. The tables are given in
both geopotential units and geometric units to 90 kilometers (km), but only

in geometric altitude units above 90 km. Entries appear for both metric

and English units.
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In addition, the 1962 Atmosphere carefully lists all units which are used in
the calculations (see Table 2) and gives defining equations by which the
meteorological parameters are derived. To enable the user to better visu-
alize the parameters involved, graphs appear relating the value of each

parameter to altitude.
in Figures 1 to 4,

Some of the more important of these are reproduced

TABLE 2. - ADOPTED PRIMARY CONSTANTS, ATMOSPHERIC

Name

Symbol

[From ref. 1]

Metric units (mks)

English Units
(ft-1b-sec)

Sea 1eve1 pressure

Sea level density
Sea level temperature
Sea level gravity
Sutherland's constant
Ice point temperature

Constant

Ratio of specific heats
Mean collision diam.,
Air

Avogadro's number

Universal gas constant

P

o

<

1.013250 x 10°
newtons m-2

1.2250 kg m~°
15° C

9.80665 m sec_2

110. 4°K
273, 15°K

-5
1.458 x 10™“ k
sec-Tm-1(or) “8/2
1.40
(dimensionless)
3.65x 10 10m
6.02257 x 1026
(kg-mol)-1

8. 31432 joules
(°K)' mol~

2116.22 1b & 2
0.076474 1b £t~ 5

59. 0°F

32,1741 ft sec ™2
198. 72°R

491. 67°R

7.3025 x 10" 1b £t~ 1

sec-1 (°R)-1/2

1. 40 (dimensionless)

1.1975 x 10 ft

2,73179 x 1026

(Ib-mol)-1

1545, 31 ft 1b
(lb-mol)~1 (°r)-1

Since the issuance of this most recent atmosphere for mid-latitudes, atmos-
pheres have been generated to 90 kilometers for arctic winter, arctic

summer, and mean tropical atmospheres,

These have been given the name

U.S. Air Force Interim Atmospheres by Kantor and Cole at the Air Force
Cambridge Research Laboratories (AFCRL).

More recently special atmospheres have been generated to represent, by
month, conditions to 80 kilometers at three latitudes, 30°N, 45°N, and 60°N.
Kantor and Cole, working with latitude circles, rather than regions, equate

these models to approximately mean conditions at the above latitudes, although
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the data above balloon heights were taken only over North America and para-
meters were defined using temperature in straight-line segments. Thus,

they are more a model than an average, although they perhaps more accurately
represent average conditions than do other models. Their values, given as
tables in 5000 geopotential meter intervals, appear in Tables 3, 4, and 5 for
latitudes 30°N, 45°N, and 60°N, respectively. Their correspondence to sub-
tropical, mid-latitude, and sub-arctic climatic regimes might be noted.
Because of their wide latitudinal range and breakdown, their monthly values
are perhaps better suited than any other known values to certain radiative
transfer problems where detail is important. Kantor and Cole (personal
communication, 1966) are currently working on the extension of these latitude
circle model atmospheres to 700 kilometers.

Sample Atmosphere

An average or standard atmosphere provides the general atmospheric charac-
teristics, but only describes spatial and temporal variations in the most gross
sense. For the Horizon Definition Study, the spatial and temporal variations
in the 15 micron radiance of the Earth were of principal interest. To deter-
mine the variations, it was necessary to compute approximately 1000 infrared
horizon randiance profiles and subject them to a statistical analysis. As in-
puts for the computations, it was necessary to generate a sample of the
Earth's atmosphere. Using a carefully selected sample, approximately 1000
temperature profiles extending from the surface to 90 km were generated. A
complete description of the data inputs, as well as the procedures used to
generate the profiles, are described in Reference 11,

To obtain a reasonably complete picture of temperature variability, three
different types of data presentation were used: (1) variations in space at a
fixed time over an area roughly 1/3 of the Northern Hemisphere (synoptic
cases); (2) variations in space at a fixed time along a cross section of
approximately 5600 km; and (3) variations in time at a fixed point. Tempera-
ture profiles for the various methods of data presentation were obtained such
that seasonal and latitudinal variability could be examined. In addition,
seasonal climatological data was procured so that the individual profiles can
be compared withthe climatological normals.

Sources of data. -- The real time data were obtained from two basic
sources. In the region from 0-30 km, the radiosonde network provided tem-
peratures at 12-hour intervals. The radiosonde network is quite dense over
North America and provides temperature measurements generally accurate
to £1°C. All radiosonde information was gathered in the form of microfilmed
charts from the National Weather Records Center at Asheville, North
Carolina. Temperatures in the 30-60 km layer were obtained from a series
of publications entitled "Data Report of the Meteorological Rocket Network
Firings' which is published monthly. The rocket data are reduced and pre-
pared by the U.S. Army Electronics Research and Development Activity at
White Sands Missile Range in New Mexico. Above 60 km rocket measurements
are rarely made. As a result, an extrapolation technique using temperatures
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TABLE 3. - MEAN MONTHLY ATMOSPHERIC PROPERTIES, 30° N

[From ref. 12]

{-[;(l:(l)lll)}l:,lﬁ) Jan. feh. Mar. Apr. May Jun. Jul. Aug. Sepl. Oct. Nov, Dec.
Temperature (K)
0000 287.15  286.55 289.15 292,15 29515  298.65 301.15 298.63  296.65 293.65  289.15  28h.15
5000 261.65 26415  262.65 267.15 27115 272,65 271.65 272.15 27215  268.65 266.15 261.25
10000  229.15 231.65 230.15 232,15 233.65 235.15 238.15 23995 234.65 233.65 231.15 22075
15000 208.35 209.95 210.55 21095 208.15 203.65 203.15 20695 207.65 207.65 208.75  209.05
20000 208.1S  208.15 210.15  211.15 21155 21205 21195 21065 211.75 211.15 209.15  209.65
25000 219.15  218.15 220.15  221.65 223.05 22255 22215 220.65 22225 221.25 219.65 219.85
30000 229.15  228.15 231.05  231.65 234.55 233.08 232.15 230.65 230.75 229.75 227.15  226.85
35000 240.35  239.65 242,55 24285 24605 245.15  243.35 242,15 241.65 240.65 23795 237.45
40000 252.35 25215 25405 25485 257.55  257.65 25535 25165 25415 253.15  250.95  250.45
45000 26435 264.65  265.55  266.85 269.05 270.15 267.35 267.15 266.65 265.65 263.95 263.45
50000 269.15  269.65  270.15  271.65  273.65 272.65 272.15  272.15 271.65 270.65 269.15  268.65
55000 261.15 263.65 262.15 261.55 263.65 262.65 26%.15  2066.15  263.65 26465 263.15  262.65
60000 250.05 25435 25095  248.45 25035 24935 25235  256.55 25235 255.25  253.85 253.45
65000 23455 237.85 23495 23245 233.85 232.85 233.35 23855 23585 238.25 23735 23745
70000  219.05 221,35 21895 216.45 21735 21635 21435 22055  219.35  212.25 220.85 22145
75000 203.55 204.85 202.95 20045 200.85 199.85 19535  202.55 202.85 20425 20435  205.45
79000 191,15  191.65 190.15 187.65 187.65 186.65 180.15  188.15 189.65  190.65 191.15 192.65
Pressure (mb)
0000 1.0210 1.0190 1.0180 1.0t70  1.0155 1.0140 1.0135 1.0135 1.0150  1.0170 1.0190  1.0200+43*
5000 55020 5.4909 54860  S5.5191  5.5530  5.5692  5.5700  5.5612  5.5556  5.3372 55208  5.4866-4-2
10000 2.7402  2.7540 2.7400 2.7812 2.8188  2.8385 2.8515 2.8540 2.8278 2.8017 27743 2.7334
15000 1.2437  1.2601 1.2499  1.2732 1.2888  1.2958 1.3127 1.3269 1.2953 1.2826  1.2638 1.2144
20000 5.4096  5.5011  5.4942  5.6030 5.6479  5.6768  5.7429 57963  5.6629  5.6032  5.5031  5.428941
25000 2.4342 24680  2.4834  2.5460  2.5729  2.586l 2.6146  2.6247  2.5826  2.5469  2.4887  2.4589
30000 1.1359  1.1478 1.1638  1.1981 1.2193 1.2216  1.2325 1.2310 1.2148 1.1940  1.1584 1.1144
35000 5.4820 5.5235  5.5654 5.8269 59888 59757 6.0030 59704 5.8846  5.7660  5.5450  5.46964-0
40000  2.7400  2.7572  2.8426  2.9327 3.0386 3.0286 3.0255 3.0012 29339 2.8863 2.7565 2.7151
45000 1.4143 1.4234 1.4727 1.5234  1.5881 1.5852 1.5736  1.5591 1.5327 1.4938 1.4195  1.3964
50000 7.4804 7.5365 7.8087 8.1051  8.4892 8.4673 83819  8.3041 8.1536 79284 7.5066 7.3756—1
55000  3.9351 39771  4.1177 42810 4.5052 44830 44410 44083 43150 4.1939 39566  3.8829
60000  2.0192 20602 2.1183  2.1925 23193 23019  2.2961 2.2977 22284 2.1779  2.0470  2.0063
65000  0.9975 1.0289 1.0484¢ 1.0772 1.1450  1.1331 1.1359 1.1521 1.1065 1.0896  1.0208 1.0001
70000 16956  4.8878  4.9376  5.0310 5.3683  5.2045 52936  3.4721 5.2224 51789  4.8417  4.7491-2
75000  2.0914  2.1919  2.1962  2.2161 2.3707  2.3289 22980 2.4393 23242 23193  2.1671 2.1320
79000 1.0462 1.0999 1.0955 1.0956  1.1728  1.1480  1.1094 1.2115 1.1581 1.1606  1.085  1.0731
Density (kg/m?3)

0000  1.2387 1.2384  1.2265 1.2127 1.1986  1.1828 1.1724 1.1822 1.1920 1.2065 1.2277 1.24184+-0*
5000 7.3255 7.2416 7.2764 7.1970  7.1344  7.1159  7.1431 7.1186  7.1116  7.1802 7.2263  7.31602-1
10000  4.1657 4.1416  4.1474 41734 42028 42051 41712 41435 41982 41773 41812 41447
15000  2.0796  2.0908  2.0680 2.1026 2.1570  2.2166  2.2510  2.2337  2.1731 21517 2.109t 2.0738
20000  9.0537  9.2069  9.1078  9.2441 93007  9.3262  9.4393  9.5858 93165 9.2444  9.1662  9.0209—2
25000  3.8694 39412  3.9297 4.0016 40184 4.0481 4.1002 41.1440 40481 40101 3.9472  3.8963
30000 1.7269  1.7525 1.7547 1.8018 1.8110  1.8261 1.8494  1.8593 1.8339  1.8104 1.7766 1.7574
35000  7.9457  8.0292  Q.1242  8.3587 8.4792 8.4917 85937 85803 84833 8.3469 8.1181 8.0246—3
40000  3.7825  3.8093  3.8080  4.0089  4.1101  4.0950 41277  4.1057 4.0490 39720 3.8266 3.7766
45000 1.8638  1.8736 19320 1.9888  2.0563 2.0442 20505 2.0332 20024 19590 18735 1.8465
50000 09682  0.9737 1.0070  1.0394  1.0807 1.0819  1.0729 1.0630  1.0456 1.0205 09716  0.9561
55000  5.2494  5.2551 54719 56999 59528 59460 5.8570  5.7701 5.7016  5.5206 52379 51501 -4
60000  2.8131  2.82t7 29406 3.0743 3.2274  3.2160  3.1697  3.1201 3.0762  2.9725 2.8091  2.7577
65000 1.4815 1.5069  1.5545 1.6144  1.7058  1.6952 1.6958 1.6825 1.6344 1.5932 1.4983 1.4673
70000 7.4076  7.6926 7.8562 8.0971  8.6043 &5252 8.6033 8.6434 8.2942 81544 7.6372 7.4709-5
75000  3.5794  3.7276  3.7699  3.8514 41119 40596 4.0980 4.195f  3.9915 39558 3.6944  3.6160
79000 1.9067 1.9993  2.0071 2.0339 2.1773  2.1426  2.1453 22432 21273 2.1207 1.9784 1.9405

* Power of ten by which preceding numbers shoull he multiplied.
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TABLE 4. - MEAN MONTHLY ATMOSPHERIC PROPERTIES, 45° N

Altitude

(geop. m.) Jan.
0000  272.15
5000  249.65
10000 219.65
15000  217.15
20000  215.15
25000  215.15
30000 219.90
35000  229.90
40000  240.65
45000  255.60
50000  264.40
55000  259.90
60000  247.65
65000  238.65
70000  232.15
75000  218.65
79000  206.65

0000  1.0180

5000  5.3072
10000 2.5602
15000  1.1711
20000  5.3098
25000  2.4004
30000  1.0898
35000 5.0963
40000  2.4649
45000 1.2347
50000  6.4418
55000  3.3637
60000  1.7211
65000  0.8475
70000  4.1199
75000  1.9325

79000 1.0162

0000 1.3031
5000 7.4058
10000 4.0606
15000 1.8788

20000  8.5976
25000  3.8866

30000 1.7265
35000 7.7224
40000  3.5683
45000 1.6825
50000  0.8488
55000  4.5087
60000 2.4210
65000 1.2371
70000 6.1810
75000  3.0790
79000  1.7130

* Power of ten by which preceding numbers should he multiplied.

Feb.

273.15
249.65
217.15
217.15
217.15
219.65
224.65
231.65

242.15
255.90
263.40
258.15
247.90
237.40
227.40
218.15
210.95

1.0165
5.3097
2.5510
1.1617
5.2900
2.4144
1.1191
5.2839

2.5660
1.2905
6.7176
3.4996
1.7818
0.8812
4.2233
1.9611
1.0372

1.2964
7.4093
4.0925
1.8636
8.4866
3.8292
1.7353
7.9462

3.6916
1.7568
0.8884
4.7226
2.5039
1.2931
6.4699
3.1318
1.7129

274.15
253.15
223.15
217.15
217.15
220.15
225.15
233.40

246.65
260.65
266.65
258.65
244.15
233.15
225.40
216.90
209.30

1.0160
5.3368
2.6024
1.1876
5.4080
2.4707
1.1471
5.4308

2.6616
1.3580
7.1345
3.7390
1.8943
0.9238
4.3841
2.0266
1.0672

1.2910
7.3442
4.0627
1.9052
8.6760
3.9096
1.7749
8.1059

3.7593
1.8150
0.9321
5.0360
2.7029
1.3803
6.7759
3.2550
1.7763

279.15
257.15
224.65
218.15
218.15
221.65
228.65
239.15

252.40
264.65
269.40
262.15
251.15
238.15
222.90
207.15
193.55

1.0150
5.3928
2.6509
1.2143
5.5497
2.5442
1.1914
5.7231

2.8573
1.4758
7.8173
4.1224
2.1173
1.0554
5.0260
2.2728
1.1488

1.2667
7.3058
41108
1.9392
8.8624
3.9988
1.8151
8.3368

3.9437
1.9426
1.0109
5.4783
2.9369
1.5438
7.8551
3.8222
2.0676

[From ref. 12)

284.65
260.15
225.15
218.15
218.15
223.15
231.65
24490

258.40
268.90
272.40
265.90
253.15
235.90
216.90
198.40
182.80

1.0145
5.4428
2.6888
1.2319
5.6300
2.5959
1.2211
5.9557

3.0225
1.5830
8.4457
4.4903
2.3265
1.1593
5.4425
2.3919
1.1673

1.2416
7.2885
4.1604
1.9672
8.9907
4.0526
1.8364
8.4719

4.0748
2.0508
1.0801
5.8829
3.2016
1.7120
8.7414
4.1998
2.2246

Jun.

288.15
263.40
231.90
216.15
219.45
224.95
233.15
245.40

259.15
269.65
273.40
267.65
254.65
238.65
216.40
191.40
173.40

Pressure (mb)

1.0130
5.4709
2.7422
1.2614
5.7439
2.6627
1.2608
6.1632

3.1325
1.6441
8.7858
4.0867
2.4394
1.2210
5.7846
2.4938
1.1782

Density (kg/m3)

1.2247
7.2357
4.1194
2.0330
9.1182
41236
1.8838
8.7492

4.2109
2.1241
1.1195
6.1002
3.3372
1.7824
9.3123
4.5390
2.3671

Jul.

Aug.

Temperature (K)

29415
267.15
235.15
215.65
219.25
225.25
233.65
245.40

258.40
268.15
271.65
268.40
256.65
235.40
212.15
190.15
171.85

1.0135
5.5224
2.7963
1.2924
5.8760
2.7244
1.2919
6.3226

3.2098
1.6804
8.9418
4.7590
2.4905
1.2470
5.7972
2.4803
1.1648

1.2003
7.2013
4.1426
2.0877
9.3364
4.2135
1.9262
8.9755

4.3274
2.1830
1.1467
6.1769
3.3806
1.8454
9.5195
4.5441
2.3626

292.15
265.40
231.90
215.15
218.75
224.75
233.15
244.40

257.40
268.40
271.40
265.15
253.15
233.65
213.15
194.65
177.83

1.0150
5.5176
2.7730
1.2721
5.7735
2.6722
1.2651
6.1799

3.1268
1.6351
8.7112
4.6185
2.3919
1.1899
5.5146
2.3908
1.1473

1.2103
7.2425
4.1657
2.0598
9.1945
4.1420
1.8903
8.8089

4.2318
2.1223
1.1182
6.0680
3.2916
1.7741
9.0130
4.2789
22474

288.15
262.40
230.90
215.15
217.65
222.65
227.65
239.15

251.90
268.65
269.40
262.40
248.40
232.15
213.65
196.15
183.35

1.0165
5.4805
2.7393
1.2556
5.6891
2.6185
1.2262
5.8972

2.9442
1.5173
8.0229
4.2366
2.1708
1.0674
4.9601
2.1506
1.0163

1.2289
7.2760
4.1329
2.0331
9.1059
4.0971
1.8764
8.5724

4.0718
2.0048
1.0375
5.6246
3.0444
1.6017
8.0878
3.8195
1.9881

284.15
257.15
227.15
215.15
215.15
220.15
225.15
234.15

246.90
258.90
265.40
262.40
251.90
238.40
223.65
207.90
195.50

1.0175
5.4178
2.6734
1.2189
5.5103
2.5137
1.1671
5.5287

2.7177
1.3834
7.2327
3.7965
1.9574
0.9750
4.6582
2.1094
1.0711

1.2475
7.3396
4.1001
1.9737
8.9221
3.9777
1.8058
8.2256

3.8346
1.8615
0.9494
5.0403
2.7071
1.4248
7.2559
3.5346
1.9086

278.15
254.15
224.15
215.35
214.65
218.65
222.65
229.65

241.90
255.15
262.65
259.15
249.65
239.15
225.15
211.15
201.55

1.0180
5.3714
2.6271
1.1983
5.4085
2.4584
1.1335
5.3123

2.5693
1.2931
6.7035
3.4972
1.7862
0.8888
4.2613
1.9449
1.0028

1.2750
7.3626
4.0830
1.9385
8.7778
3.9169
1.7736
8.0585

3.7002
1.7655
0.8891
4.7011
2.4925
1.2947
6.5981
3.2088
1.7334

Dec.

273.15
251.15
218.65
216.15
216.15
216.15
216.15
227.90

241.40
257.15
265.40
264.15
255.65
241.90
226.65
212.65
203.85

1.0180+3*

5.3316+2
2.5736
1.1730
5322241
2.4148
1.0956
5.0765+40

2.4471
1.2328
6.4418—1
3.3829
1.7593
0.8851
4.2737-2
1.9579
1.0157

1.2983+0*

7.3954—1
4.1004
1.8905
8.57771—-2
3.8919
1.7659
7.7599—-3

3.5314
1.6700
0.8456
4.4615—+4
2.3973
1.2746
6.5688 —5
3.2075
1.7358
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TABLE 5.
[From ref. 12]
(‘g&ég;"lgi) Jan. Feb. Mar. Apr. May Jun. Jul.
Temperature (K)
0000 257.15 236.65 261.65 269.15 276.65 282.65 287.15
5000 24095 24490 245.65 250.15 253.25 259.65  260.15
10000 217.15  218.65  219.65  222.15  223.65 224.65 225.15
15000 217.15  218.65 219.65 222.15 223.65 224.65 225.15
20000 214.15  218.65  219.65 222.15 223.65 22465 225.15
25000 21115 219.55 21515 222.15  223.65  228.65  228.15
30000 21615 22255 217.65  225.65 231.15  233.65  235.65
35000 222.65 225.55 22535 23815 244.65 246.65  247.65
40000 23515 236.15  240.85 250.65 < 259.65 261.65  262.653
45000  247.65 24865 256.35 263.15  270.85 273.05  273.85
50000  260.15  261.15  265.65 270.65 274.15  276.65 277.15
55000  258.35  259.35  260.65  266.65  269.15 272.65 273.15
60000  250.65  251.15 24815  256.65 236.65 260.05  260.45
65000 248.15 246.15 240.15 242.15 236.65 237.05 236.95
70000 244.75 24035 23415 224.65 216.65 214.05 21345
7oevy 237750 231350 22415 207.15 0 196.65 19105 189.95
T IRVAN 22415 216.15 193.15 180.65 172.65 171.15
Pressure (mb)
0000  1.0135 1.0140 1.0140 1.0130 1.0125 1.0105 1.0100
5000  5.1582 5.1916  5.2147 52668  5.3293  5.3952  5.4076
10000 2.4160  2.4504 24793 25302 25771 2.66'4 2.6715
15000 1.1002 1.1219 11392  1.1728  1.2007 1.2442  1.2510
20000 49826  5.1364 52341 54359 55940 5.8166  5.8583
25000  2.2315  2.3528 23856  2.5196  2.6063  2.7338  2.7489
30000 1.0031 1.086% 1.083¢ 1.1749  1.2296 1.3056 13159
35000  4.5949  5.0684 49826  5.6237 59849 6.3943  6.4717
40000  2.1782 24120 2.3938  2.7952  3.0392  3.2645  3.3127
45000  1.0733  1.1920  1.2039 14375 1.6004 1.7274 1.7570
50000  5.4764  6.0979  6.2852 7.6063  8.5635  9.2938  9.4652
55000 2.8388  3.1690  3.2961 4.0389 4.5820 5.0033  5.1013
60000  1.4488  1.6214  1.6840 2.1023  2.3923  2.6110  2.6959
65000  0.7304  0.8157 0.8343 1.0623 1.1964 1.3277  1.3558
70000  3.6558  4.0453  4.0647 5.1078  5.6282  6.2216  6.3457
75000 1.8008 1.9605 1.9286 23144 2.4610 2.6746 2.7181
79000  1.0066  1.0759  1.0367 1.1690 1.1921  1.2607 1.2743
Density (kg/m?%)
0000 1.3730 1.3764 13501 13112 1.2750  1.2454  1.2253
5000 7.4578  7.3850  7.3952  7.3347  7.3310 7.2386  7.2414
10000  3.8759 39041  3.9322 39677 40142 41271 4.1335
15000 1.7650  1.7874  1.8067 1.8391  1.8792 19294  1.9357
20000  8.1054  8.1837  8.3014 85244 87136 9.0199 9.0644
25000  3.6816  3.7333  3.8627 3.9512 4.0597 4.1652 4.1973
30000 16167 17006 1.7340 1.8138 1.8532 1.9467  1.945%
35000  7.1894  7.8282  7.7025 82264  8.5222 9.0313  9.1037
40000 3.2270  3.5582  3.4624  3.8850 4.0777 43464 4.3939
45000  1.5098  1.6700  1.6360  1.9030  2.0585 2.2039  2.2351
50000  0.7333  0.813¢ 0.8242 09790 1.0882 1.1703  1.1897
55000  3.8279  4.2567 44053  5.2766 59306 6.3928  6.5061
60000  2.0137  2.2490 23641  2.8536  3.2473  3.5380  3.6060
65000  1.025+ 1.1544  1.2103 1.5282  1.7612 1.9512  1.9933
70000 0.5204  0.5863 0.6048 0.7921 0.9050 1.0126 1.0357
75000 2.6387 2.9521 2.9974 3.8922 43596  4.8770 4.9850
79000  1.5105  1.6721  1.6708  2.1084¢  2.2089  2.5439  2.5937

* Power of ten by which preceding numbers should be multiplied.
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284.15
262.15
224.15
224.15
22415
227.75
232.25
245.15

260.15
271.15
27515
269.15
252.85
231.35
209.85
188.35
171.15

1.0105
5.4051
2.6735
1.2477
5.8232
2.7309
1.2994
6.3355

3.2216
1.6983
9.0955
+.8755
2.5367
1.2521
5.7689
2.4442
1.1421

1.2389
7.1827
4.1551
1.9392
9.0503
4.1772
1.9491
9.0030

4.3140
2.1820
1.1516
6.3105
3.4950
1.8854
0.9577
4.5207
2.3247

281.15
256.15
221.15
221.15
221.15
222.15
22715
236.65

249.15
261.65
271.65
268.75
253.35
234.35
2185.35
196.35
181.15

1.0120
5.3689
2.6211
1.2107
5.5922
2.5839
1.2079
5.7657

2.8535
1.4617
7.7204
4.1139
2.1399
1.0617
4.9647
2.1640
1.0487

1.2540
7.3018
4.1288
1.9071
8.8091
4.0520
1.8526
8.4876

3.9898
1.9461
0.9901
5.3327
2.9425
1.5783
0.8031
3.8394
2.0168

275.15
252.65
220.15
220.15
218.35
218.65
221.15
229.65

242.15
254.65
267.15
264.95
253.65
241.15
228.65
216.15
206.15

1.0110
5.3034
2.5719
1.1838
5.4384
2.4827
1.1417
5.3288

2.5828
1.2983
6.7449
3.5568
1.8410
0.9228
4.4591
2.0682
1.0826

1.2800
7.3126
4.0697
1.8732
8.6767
3.9556
1.7985
8.0836

3.7157
1.7761
0.8795
4.6766
2.5284
1.3332
0.6794
3.3333
1.8295

266.15
248.65
218.65
218.6

216.65
214.65
219.65
224.65

235.65
248.15
260.65
259.15
251.65
243.25
231.25
219.25
209.65

1.0212
5.2373
2.4940
1.1419
5.2092
2.3592
1.0743
4.9793

2.3655
1.1673
5.9638
3.0956
1.5858
0.7959
3.8736
1.8143
0.9592

1.3246
7.3377
3.9737
1.8193
8.3763
3.8289
1.7038
7.7215

3.4970
1.6387
0.7971
4.1613
2.1953
1.1399
0.5835
2.8827
1.5939

- MEAN MONTHLY ATMOSPHERIC PROPERTIES, 60° N

259.15
243.90
217.65
217.65
214.15
210.65
212.65
219.65

233.15
246.65
260.15
258.65
251.15
243.65
236.15
228.65
222.65

1.01254-3*
5.1866--2
2.4399
1.1131
5.0456+41
2.2576
1.0072
4.56974-0

2.1484
1.0539
5.3701—1
2.7839
1.4243
0.7140
3.5032—-2
1.6797
0.9167

1.36114-0*
7.4082—1
3.9052
1.7816
8.2079—2
3.7335
1.6501
7.2477-3

3.2102
1.4886
0.7191
3.7496—4
1.9756
1.0209
0.5168
2.5592 -5
1.4342
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in the 30-60 km layer was developed to supply the temperatures at the higher
levels needed for this study. This technique is discussed in detail later in
this report.

Corrections to meteorological rocket data. -- The measurement of tem-
peratures above the limits of sounding balloons is difficult. The light-weight
and delicate temperature sensor must survive the rigors of boosted flight and,
once ejected, reach the temperature conditions of the environment as quickly
as possible. As expected, consistent errors are present in the recorded
temperature information. Also, the magnitude of the error increases with
altitude to the point where Meteorological Rocket Network (MRN) data above

60 km is questionable,

Since the measurements are made with different types of rocket sounding
systems throughout the MRN, various corrections are required to produce a
set of consistent corrected data. Most of the correcting is performed at the
various MRN launching sites and other corrections are performed by the U.S.
Army Electronics Research and Development Activity of White Sands Missile
Range (WSMR), New Mexico. One of the most frequently used systems of
temperature measurement is the Deltasonde employed by WSMR, Fort Greely,
Alaska, and Point Mugu, California. Wagner (ref. 13) has developed correc-
tions for data acquired by the Deltasonde. The Wagner correction takes into
account effects of compressional or frictional heating, lead wire length and
heat conduction through the leads to the thermistor, varying time constant,
internal heating and dissipation, solar radiation and the effective infrared
radiation temperature below the thermistor. Application of this correction
system to the MRN temperature data gathered at WSMR and Forth Greely,
Alaska was begun in January 1964. Published Point Mugu data were not
corrected in 1964, As a result, GCA, with information furnished by Texas
Western College (Neary, Personal Communication, 1966), applied the
appropriate corrections to the 1964 Point Mugu data. All other corrections

to the 1964 MRN published data were assumed to have been performed by the
contributors for the temperature measuring devices other than the Deltasonde.
In 1965, all data collection and reduction were accomplished by each contribu-
tor to the MRN network., All published 1965 Point Mugu data were corrected
by the Wagner method. Lists of all the rocket soundings used in the study and
the maximum height at which temperature information is available from each
rocket firing are detailed in Reference 11,

Analysis techniques. --

Interpolation: The real time temperature soundings in the 0-30 km layer
were obtained from conventional meteorological charts at specified constant
pressure levels (called mandatory levels) and from tabulated listings of
radiosonde flights in time cross section studies where 12-hour data resolu-
tion was required. Also, surface charts were used to obtain the temperature
and pressure at the base of the atmospheric column. The constant pressure
charts employed were at the 850, 700, 500, 300, 200, 100, 50, 30, and 10 mb
levels. Height contours and isotherms are analyzed on every chart. Thus,
it was possible to interpolate between the analyzed data at any desired loca-
tion.
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Data in the 30-60 km layer is scarce, and charts are not available on a routine
basis. As a result, special charts were prepared using the rocket data from
the MRN. If only MRN temperatures were plotted on the charts, analysis of
the thermal field at any level would be difficult. However, in addition to the
temperature measurements,the rocket soundings included wind measurements.
With this information, it is possible to compute the thermal wind and improve
the temperature analysis considerably.

The thermal wind is the vector difference between the geostrophic wind at two
levels (ref. 14). Therefore, observed wind differences will be equal to ther-
mal wind only when the wind field is geostrophic, i.e., when friction and ac-
celerations are unimportant. Between 30 and 60 km the geostrophic limita-

tions are not considered to be of great importance. Thus, the expression for

the thermal wind is:
V. xk = = n-=—\-— (4)
thermal £ ( p ')(ar'i )

where
thermal the thermal wind
K = the unit vector along the vertical axis
R = the gas constant for dry air
f = the Coriolis parameter
p, P ! = the pressures at the bottom and top of the layer,
respectively,
%I:r; = the horizontal temperature gradient normal to

thermal wind

The thermal wind is parallel to the isotherms with warm air to the right of
the thermal wind facing downwind. Also, the strength of the thermal wind is
proportional to the magnitude of the temperature gradient. Thus, with the

aid of the thermal wind, temperature analysis could be improved significantly.
Also, an MRN report would often contain only wind information. This report
would still be of great value for, although the temperature measurements
would be missing, the strength and direction of the computed thermal winds
would give information on the spacing and direction of the isotherms. In this
study, the vertical wind shears were computed every 3 km with the tempera-
ture centered in each layer.

The interpolation procedure followed for the climatology data was quite similar
to the methods for the real time information. Mean temperature data from the
surface to 25 mb were interpolated directly from analyzed charts and tables.
Between 100 000 feet (30. 5 km) and 170 000 feet (51.8 km) mean temperature
and standard deviation charts were plotted and analyzed using MRN
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information prepared by Quiroz (ref. 15). Then, the interpolation was per-
formed in the same fashion as with the real time data. There were no ther-
mal winds to assist in the analysis of the climatological data. Also, there
were fewer data points per chart. Thus, the climatological data in this layer
must be congidered as speculative.

Extrapolation: As noted earlier, temperature measurements above the
60 km level are a rarity. Such measurements are beyond the present cap-
ability of the MRN network on a routine basis; an occasional sounding does go
higher than the 60 km level but almost never beyond 65 km. A logical solu-

. tion to the lack of data above 60 km is to extrapolate from data at lower levels

to the higher levels with the use of statistical relationships developed using
all of the available information at the higher levels.

Since the 30-60 km region is relatively data-rich, it seems logical to use the
temperatures in this layer to extrapolate above 60 km. It was noticed that
when the 50 km temperature was colder than the 50 km temperature of the

1962 standard atmosphere, the 80 km temperature appeared to be warmer
than the 1962 standard atmosphere temperature at that height. Thirty atmos-
pheric soundings were obtained (ref. 16) where both 50 and 80 km tempera-
tures were measured. These soundings were made over North America. A
scatter diagram (Figure 5) was prepared showing the difference between the
observed 50 km temperature and the corresponding standard atmosphere tem-
perature as the predictor and the 80 km difference as the predictant. Separate
linear correlation coefficients and regression lines were computed for summer
(May-October) and winter (November-April). The linear correlation coeffi-
cients were 0. 62 for summer (14 points) and 0. 47 for winter (16 points).

Figures 6 and 7 show how the 50 km and estimated 80 km temperatures were
used to obtain temperature values from 63 to 90 km for summer and winter,
respectively. First, the 1962 standard atmosphere was plotted on both charts.
Then, the 50 km and predicted 80 km temperatures were plotted. These two
temperatures were connected by a non-linear curve which assumed the general
shape of the standard atmosphere. Above 80 km, isothermal conditions were
assumed.

With the curves of Figures 6 and 7 and a knowledge of the 50 km temperature,
the temperature could be estimated above the level to 90 km. In nearly all
cases, real temperature data were available to heights above 50km. When this
situation occurred, the highest point of real data was used to estimate the
temperatures to 66 km and the 50 km temperature for the higher levels. The
66 km level was chosen because the constructed curves cross one another
generally at about this level for both summer and winter. Thus, estimation

of the high level temperature was based on a combination of the 50 km temper-
ature and the highest point of real data.
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SPECIAL ATMOSPHERIC EFFECTS

Atmospheric models describe a dry atmosphere at a given region and time.
In the real atmosphere, air motion is present with accompanying temperature
variations in time and space, in addition to H20 in gaseous, liquid, and solid
form.

Water vapor, in all of its forms in the atmosphere, is vital in radiative trans-
fer; tropospheric temperature variations are directly related to the amount

of radiative energy leaving the Earth at any given time. Consequently, the
departures from a dry, static model or sample of the atmosphere must be
considered.

In the radiative transfer problem, only those meteorological variables of
concern need be considered. Therefore, the following paragraphs describe
atmospheric variations which produce important effects on the radiative
transfer problem.

Variation of Water Vapor and Ozone
Variations in water vapor (HZO in gaseous form) and in ozone (03) occur in the

atmosphere with respect to altitude, time, and geographic region of the Earth.
These variations are of importance to radiative transfer considerations, since
water vapor absorbs strongly in the region around 6. 3 microns and in the in-
frared above 16 microns, and ozone absorbs in the region of 14 microns.

Ozone is found in the altitude region of the atmosphere extending from about
20 to 50 kilometers. A strong absorber of radiation between 2000 and 3000
angstroms (ref. 17), ozone absorbs most of this energy from the sun in its
upper layers. So much of this ultraviolet is absorbed in the sparse upper
parts of the ozone layer that the ultraviolet which penetrates to the lower
layers is too weak to heat the lower, thicker portion of the ozone layer. This
results in strong heating of the region known as the stratopause, which marks
the region of maximum temperature between the main body of the stratosphere
and mesosphere. Ultraviolet radiation from the sun manufactures the ozone;
ozone is, therefore, most strongly concentrated in the sunlit regions of the
Earth. Ozone concentration reaches its minimum over the poles during the
long, polar night, and its variations above the winter pole are due to advection
to those regions by stratospheric winds.

Water vapor, which is excluded from model atmosphere calculations, can at
times constitute as much as two to three percent of the gaseous content of
the atmosphere. Water vapor enters the atmosphere mainly by evaporation
from the oceans, seas, lakes, and vegetation. It is transferred to high
altitudes by the thermo-dynamic lifting processes in the atmosphere.

The temperature is a determining factor in the amount of water vapor contained
in the environmental air. Cold air contains very little water vapor; air near
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the freezing point of water (0°C) is able to hold less than 0. 1 percent of its
volume in gaseous form. At temperatures above 30°C, the air can contain
from two to three percent of its content as gaseous water vapor.,

Because very warm air can only occur at the surface where solar heating is
intense, air in excess of 40°C (or even 30°C) is seldom near the saturation
point; that is, it does not contain the amount of gaseous water that it could
theoretically. Over the oceans, air cannot heat up enough to break the up-
ward limit of about three percent water vapor.

Large amounts of water vapor in the atmosphere are concentrated in the first
one or two kilometers. Above these heights, the air is too cold to hold much
water vapor; in regions where very much water vapor is present in these low
levels, the vapor condenses into the liquid form between one and two kilome-
ters, (or close to these altitudes). Even small amounts of water vapor pro-
duce clouds which are quite opaque in both the visible and infrared even at
very low temperatures (on the order of -20°C).

It is difficult to measure the small amounts of water vapor existing in the cold
temperature of the stratosphere. Radiosonde humidity sensors are too crude
to measure even what can be considered comparatively large amounts of
water vapor in the tropopause.

Limited measurements of water vapor in the stratosphere have recently been
taken with such sensors as the alpha particle frost-point hygrometer (ref. 18).
Brown and Pybus (ref, 19) give the results of stratospheric water vapor
measurements made from the Naval Air Facility at McMurdo Sound with a
Ballistic Research Laboratory frost-point hygrometer. They present a graph
of water vapor mixing ratios showing their results and values obtained by
other investigations. This graph is reproduced here in Figure 8.

Liquid and Solid HZO in the Atmosphere

Condensation., -- Since the amount of water vapor that the air can contain is

a function of the temperature, it follows that if a volume of air decreases in
temperature to the point (the dew point) where it can no longer contain the
vapor, the vapor must be ejected from the volume of air. This removal of
water vapor from the air is called condensation, and the visible evidence of
condensation is a cloud in either the liquid or solid form. This aggregate of
liquid and/or solid water is quite opaque to radiation in both the visible and
the infrared region. In the infrared region, if a cloud is of great thickness
and concentration, it behaves very nearly as a black body.

In actuality, some water vapor often condenses out into the atmosphere even
before it drops to the dew point. Most dust and salt particles in an atmos-
phere that is moist (humidity over 70 percent) have considerable amounts of
condensed water on them. This accounts for the rather thick haze that can be
seen over humid areas on photographs from the Mercury and Gemini missions.
In contrast, very dry regions, such as the deserts and high plateau regions,
notably Tibet, exhibit very clear atmospheres.
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Air often reaches its dew point by cooling caused by contact with the fadiatively
cooled surface of the Earth, or more often, by being lifted and cooled through
thermodynamic processes.

Clouds may exist in the atmosphere from the surface to about 25 kilometers.
This excludes the rare noctilucent clouds, which form at heights around 80
kilometers. Preferred regions exist for tropospheric clouds in both hemis-
pheres.

Cloud distribution.-- The meteorological satellite, introduced by Tiros I
in 1960, has brought a revolution to our knowledge concerning clouds. Obser-
vations previously had been confined to populated areas or those traversed by
ships and airplanes. Observations that were made were usually quite sketchy,
if not inaccurate, except perhaps in France, where Schereschewsky and
Wehrle (ref. 20) made excellent observations, and persuaded the French
meteorological service to make observations and charts superior to those of
most other countries,

Figures 9 and 10 show cloud systems and cloud cover in the Northern and
Southern Hemispheres, respectively (ref. 21). Solid black indicates overcast
areas, heavy stipling areas of broken clouds, sparse stipling scattered clouds,
and clear areas are left blank,

Meteorological satellites have provided a wealth of new information by ob-
serving not only entire cloud systems but also by observing temperatures
of the cloud tops. These temperature observations enable the approximate
height of tops to be determined by relating observed radiation temperatures
to model atmosphere temperatures or through comparison with radiosonde

soundings.

Cloud Systems. -~ Early satellite observations by Tiros I and II confirmed
and added to the basic models of cloud systems that Schereschewsky and
Wehrle had put forth. Many cloud systems were seen to possess spiral -shaped
clouds, or cloud vortexes, near regions of low pressure and in regions of
maximum vorticity. Thought a rarity at first by many investigators, it is
now known that about seven major cloud vortex centers associated with
major low pressure centers usually exist in the Southern Hemisphere (ref. 22)
and slightly more than that number in the Northern Hemisphere, where the
presence of so much land mass breaks large circulations into smaller ones.
Further, most of these large cloud vortexes are associated with long, trailing
bands associated with frontal regions, commonly known as major bands (ref.
23). Major bands are on the order of several thousand kilometers long, and
extend from vortex centers in high latitudes (on the order of 60°) to the tropics
(on the order of 10-20°). The bands are commonly quite thick and wide in the
middle latitudes, and extend vertically to the region of the tropopause.

Frequently, waves will form along these vast bands (ref. 24), often with a new
vortex center appearing along the body of the band. Such new centers are
commonly born in favored areas such as in the region of Cape Hatteras.
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Figure 9.

Northern Hemispheric Clouds, 22 July 1965
[From Ref. 21]

31



Figure 10, Southern Hemispheric Clouds, 15 February 1965
[From Ref, 21]
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Major bands first appear in regions where southerly flow begins as the result
of a perturbation in the zonal flow in the troposphere, i.e., between ridge
lines to the east andtrough lines to the west. This region is one of charac-
teristically upward isentropic flow and maximum cyclonic vorticity advection.
The major band, encouraged to grow by these occurrences, and further fed
by the latent heat of condensation, finds its upward extent governed only by
the stability at and above the tropopause. The life-time of a typical major
band is on the order of 10 days to two weeks. When land, and especially
mountains are encountered, the major band is often distorted into a barely
recognizable pattern. Thus, such bands in the southern hemisphere are more
regular in their pattern than northern hemisphere bands, and have a less
involved life history. Typically, major bands in the SouthernHemisphere are
born in the South Atlantic Ocean east of Argentina, gain size and strength as
they make a complete circuit around the southern ocean, and then become
broken as they enter the Andes Mountains of Chile (ref. 22). Cloud vortexes
at the poleward extent of the major bands usually are centered about 1000
kilometers off the coast of Antarctica.

In the Northern Hemisphere, the major bands are predominantly smooth over
the oceans, although they also tend to be smooth over land areas in the
summer. Few survive the passage over the mountains of Europe where the
terrain distorts them, and the desert of North Africa, where their moisture
source is cut off. The portions of the major bands which drift into the deep
tropical latitudes are usually quite narrow, and become oriented east-west
before they slowly die. The tropical portion of the band usually outlives the
remainder. Thompson, Cronin, and Kerr (ref. 25) have followed such bands
into the deep tropics, and have observed instances where several bands
existed while separated by a few degrees of latitude. In the tropics, the bands
are commonly composed of convective clouds which perhaps get extended life
from the great amount of latent heat of condensation available.

Since the mid-latitude portions of major bands are usually bounded at the top
by the tropopause, they are quite cold, and radiation data show that the tops
are at or near the tropgpause temperature. Numerous investigations show
this, e. g., Rutherford (ref. 26) who found temperatures lower than 240°K along
major bands in May between 40°S and 50°S. Wexler (ref. 27) showed temper-
atures below -40°C (~230°K) along a band over the United States, also in May.
Actual temperatures were probably slightly colder, due to the poor resolution
of the Tiros II 8-12 micron sensor, from which the information was taken.

Since major bands are associated with frontal systems, it can be expected that
where cold air is flowing southward behind them, convective clouds will form
associated with the resulting instability of the lower layer of the troposphere.
The satellites have shown this to be the case. These clouds form in long lines
behind the major band, and often also form in long bands transverse to the
cloud lines. Depending on the degree of instability, these clouds may cover
either a small portion or a major portion of the Earth behind the band. These
clouds often dissipate at night over the land areas, where solar heating has
enhanced their development during the day. Usually their bases and tops are
quite low, although in some instances where instability is great, they may
develop into small cumulonimbus. Over large portions of interior North
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America and.Asia in the winter, these clouds are often very low, and bring
overcasts over extensive regions.

In the vicinity of the equator, and usually just north of it, a broken belt of
clouds about five degrees wide and extending to the tropopause is usually
found encircling the Earth. This has been dubbed the "Intertropical Cloud"
by researchers who prefer to avoid reference to its alleged association with
the so~called intertropical convergence zone model which has held wide, if
not reputable, currency in the past few decades., Whether or not the cloud
belt can be explained in terms of the intertropical convergence zone model is
perhaps secondary in importance to the fact that this cloud system extends to
heights of 20 to 25 kilometers, owing to the high tropopause found in the
tropics, Satellite 8-12 micron window observations find very low tempera-
tures along this belt, confirming its great extent. This belt of clouds is a
persistent feature of the Earth's cloud assemblage 365 days a year.

Preferred regions for clouds, -- There are regions of the Earth which are
nearly always devoid of clouds. These are the areas where the air is much
too dry, and/or where there is persistent descending motion. These areas
include the Sahara, the Gobi, and other deserts, as well as a vast region of
the tropical central South Pacific Ocean which has been called the "Great
Ocean Desert',

Over the Antarctic continent, away from the coastline, reports that clouds
of any thickness seldom occur are due more to fact that to lack of contrast
between ice and snow., Biter (personal communication) has pointed out that
most clouds well inland over the continent are usually composed of ice cry-
stals, and that the average sky cover by clouds in some areas in some parts
of the year is as low as 10 percent.

In some cloudy areas, such as under the subtropical highs off the coast of
California, clouds seldom reach more than one or two kilometers above sea
level. These clouds are due to the passage of cold air over warmer water,
but their vertical extent is held in check by the stability generated by the
warm descending air above them. The extreme cloudiness is caused by the
fact that they spread out beneath the inversion created by the descending
process. In such areas, many interesting small cloud vortexes form. They
are not, however, of as much concern to us as are the high clouds of the
major bands and the intertropical cloud.

For the sake of completeness, mention should be made of the crazy-quilt
cumulonimbus clouds in the tropics which penetrate to the tropopause, but
which seldom cover very much of the Earth.

The final clouds of importance are those associated with tropical storms and
hurricanes, In the tropical storm, cumulonimbus frequently penetrate to the
tropopause and their ice crystal mantles cover large areas, up to perhaps
800 kilometers in diameter. They show up as very cold spots in the window
channel, and on the Nimbus II satellite, are even seen on the 15 micron COy

channel as shown in the section on experimental programs of this report.
Full-fledged hurricanes are usually capped by a stable layer a few kilometers
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below the tropopause, so their topside temperatures are not as low. Hurri-
canes which hit land, especially mountainous regions, are the exception, The
resulting forced additional convergence raises their extreme height to the
tropopause, but this convergence also weakens them and turns them back into
tropical storms,

The satellite promises to give us an excellent climatology of cloud cover
over the Earth in the next decade, but certain limitations exist. For one,
the satellite cannot tell us what is beneath the clouds - whether or not they
are solid to their base, or in layers. Most cloud systems are probably in
layers. Evidence of this comes from an investigation performed by the

Staff Members of the Weather Forecasting Research Center at the University
of Chicago (ref. 28). Their investigation revealed that layers of clouds in
cyclones are the rule rather than the exception.

Also, the varying transparency of ice crystal '"clouds" causes difficulty in
determining the "cutoff" point between what is and what is not a cloud.
Pilots often see ice crystal clouds when in the air, while observers on the
ground cannot see them. In the visible part of the spectrum, ice crystal
clouds easily seen from the ground are not visible to the satellite.

Cloud models, such as that of Watson and Shenk (ref. 29) must continue to
serve climatology needs until the satellite yields an adequate sample.

Generally, the average amount of Earth free of all clouds is approximately
40 percent, while the amount free of all clouds but cirrus too thin for a
satellite to see approaches 60 percent. About seven percent of the Earth is
covered by opaque clouds at altitudes in excess of 10 kilometers at any given
time, with less than one percent covered by opaque clouds in excess of 20
kilometers.

THE THERMAL STATE OF THE ATMOSPHERE

The intensity of radiation from a body is a function of its emissivity and the
temperature of the body. If the emissivity is unity, then the body is black,

and the intensity of radiation at 15p is approximately proportional to the fourth
power of the temperature by Planck's formula. Hence, changes or variations
in temperature that are not large can cause large changes in radiation intensity.

Temperature can change in the atmosphere by radiative heating and cooling,
by warming and cooling through contact with the Earth, by the release of
latent heat of condensation which causes heating, and the loss of heat through
evaporation and freezing which causes cooling; and by air changing its alti-
tude to warm or cool adiabatically by sinking and rising, respectively.

In the troposphere, all of these processes operate to change the atmospheric
temperature, while in the stratosphere, changes are wrought mainly by
radiative processes on ozone, as discussed above, and by rising and sinking
because of stratospheric circulations.
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Tropospheric Temperatures

The temperature of the troposphere may vary from about -87°C to +57°C,
These extremes occur at the surface, with the warmest temperatures occur-
ring over the low-latitude deserts and the coldest over the Antarctic ice pack.

The general change of temperature with altitude can be seen in the model
atmospheres presented previously, but the general changes often vary dras-
tically from those seen in migrating cyclones and anticyclones. Smallest
variability of tropospheric temperatures with altitude occur in the tropics,
but large deviations occur in the middle and high latitudes.

Large fields of very warm temperatures throughout the troposphere often
occur in the large, warm anticyclones in which air is sinking and warming
adiabatically, Large fields of very cold temperatures throughout the tro-
posphere are common in intense cyclones, or low-pressure regions, where
the air is rising and is being cooled nearly adiabatically. Heating occurs,
especially in the lower layers, because of the release of latent heat by con-
densation and freezing of liquid water within the system. The heat gained
is often lost by the cyclone, however, if the condensed water evaporates
rather than falling out as rain or snow. Further, at cold temperature
(below -10°C), the heat gained by condensation is virtually negligible,

Over the oceans, especially the tropical oceans, much heat is lost in the
lowest part of the troposphere by evaporation. This heat is then released in
the middle troposphere, however, through condensation and freezing. Thus,
the inter-tropical cloud, and the sundry other convective clouds in the tropics
and in the summer hemisphere which release their condensed H50 to the

Earth as rain, act as agents in transporting energy aloft. Much of this energy
is advected aloft to higher latitudes by tropospheric circulations. Much of

the heat gained in the tropics is also released to the higher latitude tropos-
phere through clouds which form and release their liquid and solid content as
the air moves upward and poleward "isentropically".

The clouds themselves preserve the thermal energy of the Earth's surface
and atmosphere below them. Radiationdirectedupwardisreturned downward
by the opaque clouds. Thus, the radiative energy, going to outer space
where a cloud 1s present, is coming from the cloud top, and the Earth radia-
tion below the cloud cannot escape. Where it is clear, that is, where clouds
do not cover the Earth, radiative energy is being released rapidly to space.
Since radiation intensity is proportional to approximately the fourth power of
the absolute temperature, regions of high opaque cloudiness are conserving
energy, while regions of no clouds are releasing energy.

Stratospheric Temperatures

The lower stratosphere is generally devoid of clouds, and is so cold and dry
that latent heat considerations are not significant. The warmth that is in the
stratosphere is mainly due to the absorption of ultraviolet by ozone in its
upper portion, and to the advection over the winter pole by warm air from the
tropical regions.
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Adiabatic warming and cooling also causes certain parts of the stratosphere
to become warmer and cooler. Until the past decade, little was known of
stratospheric circulations which produce adiabatic changes. The past decade,
of course, has seen frequent penetration of the stratosphere by balloons and
rockets, and various investigators have been able to chart the movement of
isobaric surfaces and their accompanying temperature fields.

It is now known that the stratosphere undergoes an annual reversal in wind
flow in both hemispheres in the middle and high latitudes. Labitzke (ref. 30),
Webb (ref, 17), Reed (ref. 31), Sawyer (ref. 32), Finger, Mason, and Corzine
(ref. 33), Nordberg and Stroud (ref. 7), and Craig and Herring (ref. 34) are
among investigators who have studied the stratospheric circulation. This wind
reversal has important consequences on the temperature field in the strato-
sphere,

According to Webb (ref. 17) the stratosphere in general has a west wind over
the middle and high latitudes of both hemispheres in March, with a changeover.
to generally easterly winds in the Northern Hemisphere beginning in April.
This situation maintains itself until September, when the Northern Hemisphere
easterlies die out, and once again both hemispheres have westerly winds.
About 40 days after this, the Southern Hemisphere stratospheric winds switch
to general easterlies, while general westerlies persist in the northern hemis-
phere until early spring, when the Southern Hemisphere stratosphere
reverses itself to west winds. As a result, both hemispheres are then in a
westerly stratospheric circulation, and this continues for about 40 days to the
Northern Hemisphere reversal, where the cycle is again repeated.

The easterly winds are associated with a high over the pole, the westerly
winds with a low. Therefore, the time of the east wind corresponds to warm
stratospheric temperatures, and the time of the west wind corresponds to a
cold stratosphere,

The onset of the reversal of the wind field from westerly to easterly is rather
sudden, with the result that the stratosphere changes its temperature rather
abruptly, Early investigators were rather startled by these temperature
changes. Meteorologists became greatly interested in the stratosphere,
which up to then had been considered an inactive region of the atmosphere.
The warming effect was given the name "sudden" and "explosive' warming by
the early workers in these stratospheric investigations.

Although the stratospheric easterlies and the westerlies possess an apprecia-
ble degree of consistency after they are once established, certain character-
istic perturbations occur. One of the most remarkable of these is the
Aleutian Anticyclone, a high which appears in October and persists in the
stratosphere even through the winter. This high tends to oscillate between
Eastern Siberia and CentralCanada in the winter, bringing very warm temp-
eratures to those regions as it enters. Occasionally it disappears, but then
re-establishes itself soon after,

The months of February through March are periods of major shifts in stratos-
pheric cyclones and anticyclones in the Northern Hemisphere, These are the
months before the springtime wind reversal.
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Temperatures associated with stratospheric cyclones are as low as -75°C (at -
10 millibars or about 30 kilometers) while temperatures at the same altitude
can run as high as -25°C., Because of the persistence of the Aleutian Anti-
cyclone, the temperature range over the year in the stratosphere at 10 mill-
bars over the Aleutian Islands is on the order of only 20°C. Central Canada
(Fort Churchill region), by contrast, experiences annual ranges of about 40°C
at 10 millibars, reflecting the alternate dominance of that region by the winter
polar low and the winter Aleutian Anticyclone,

Ridges and troughs, associated with warm and cool stratospheres exist else-
where around the hemisphere. Often a warm ridge will appear in the strato-
sphere over Europe. Labitzke (ref. 30) has studied ridge and anticyclone pat-
terns over Europe and North America over a period of years, and finds that
there is a stratospheric pattern preceding tropospheric changes on the order
of ten days.

Labitzke also found that if explosive warming over Central Canada occurred
before warming in Europe, migrating stratospheric anticyclones would travel
eastward across the Atlantic. If explosive warming occurred over Europe
earlier in the year than over Central Canada, migrating stratospheric anti-
cyclones would move westward from Europe to North America. Further, the
European warmings would be followed by formation of blocking anticyclones
in the eastern Atlantic Ocean about 10 days after the onset of the explosive
warming. Later, Labitzke and Van Loon (ref, 35) found the same 10-day re-
lationship in an investigation of the Southern Hemisphere at Campbell Island
(52°S, 116°E).

Even more significant, Labitzke found that every other year (1958, 1960, 1962,
1964) the initial explosive warming in the stratosphere would start over Europe,
and every other year in between (1957, 1959, 1961, 1963) they would start over
Canada. Labitzke suggests that there is a connection between these events and
the 26-month cycle (or biennial) in the wind and temperature field of the trop-
ical stratosphere.

Nordberg, Bandeen, Kunde and Warnecke (ref. 36) and Merritt (ref. 2) have
used Tiros VII radiation data to study stratospheric temperatures. Nordberg
and his co-workers observed warming and the development of the Aleutian Anti-
cyclone in 1963, and the development of a sudden warming over the Caspian
Sea in January 1964. The Caspian warming was on the order of 20°C, and
lasted for about one month. Merritt also studied stratospheric temperatures
in vicinity of the Aleutian Anticyclone,

The 26-month or biennial cycle in the tropics. -- Previous to Labitzke's
work, investigators found evidence of a 26-month (or possibly biennial) cycle
in the stratospheric winds in the tropics. This cycle is represented by an
east wind in the tropical stratosphere for 26 months followed by 26 months of
west winds. This applies to the tropics in both hemispheres simultaneously.
Features of this cycle include the interesting fact that the first wind reversal
appears at the highest altitude of the radiosondes (about 31 kilometers). The
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wind then begins to reverse successively downward at the rate of 1 kilometer
per month, so that it takes about a year for the reversal to descend all the
way to the tropical tropopause (about 18 kilometers).

The cycle is not exactly 26 months but varies between about 21 and 28 months.
Thus, some have suggested that until another decade goes by, the cycle
cannot be established as a two-year (24-month) cycle rather than a 26-month
cycle,

However, this cycle is not particularly serious with regard to temperature
oscillation. The temperature cycle is only about 2°C in the vicinity of 25 to
30 kilometers altitude at the equator and is less poleward at the same levels
and at lower levels along the equator. The temperature oscillation progresses
downward with the wind at 1 kilometer per month., There is a reversal and
minimum in magnitude to the temperature oscillation around 15 to 17 degrees
north and south, but the oscillation increases in magnitude poleward of these
latitudes and reaches a maximum of about 1°C at higher levels (20 to 30 km)
around 25°N to 30°N. These changes are, of course, much less than temporal
changes in the diurnal and day-to-day scale, even in the tropics. However,
since the oscillation at the equator is in opposite phase to the oscillation in
the vicinity of the two tropic lines (Cancer and Capricorn), a 3°C gradient
may be set up which alternates in direction every two years or 26 months.

CARBON DIOXIDE VARIATIONS

The concentration of atmospheric carbon dioxide is of considerable importance
to the horizon locator problem. When scanning the horizon with a satellite
mounted detector, sensitive to radiation in the 14 to 16p CO2 band, the mea-

sured radiance emitted by the atmosphere is intimately related to the concen-
tration of carbon dioxide. Also, the observed horizon radiance profile would
be affected by variations in the concentration of carbon dioxide. Therefore,

it is important to review our present knowledge of the concentration of atmos-
pheric carbon dioxide and its variation with time and space.

In the following discussion, available observations of the variations of carbon
dioxide are reviewed in terms of diurnal variations, monthly and yearly
variations, latitudinal variations and variations with height in the atmosphere,
Based on these observations, a standard vertical profile of carbon dioxide
concentration between the surface and 90 km is presented. Briefly, observa-
tions indicate that the average concentration of carbon dioxide is about 0. 0314
percent by volume, i.e., 314 parts per million (ppm); that, above a height of
one kilometer, the average deviations about the mean concentration is, at all
levels, less than 13 percent; and that the concentration generally decreases
slightly with height in the atmosphere.

39



Diurnal Variations

The diurnal vériations of the concentration of CO2 in the atmosphere are due
to exchange of CO2 between the atmosphere and the biosphere. In particular,
vegetation plays a major role-in this exchange. The CO2 exchange of plants

depends on the time of day because plant photosynthesis involves assimilation
and respiration processes which depend on the amount of sunlight, water, and
C02. The concentration of CO2 near vegetation has a maximum near dawn and

a minimum near noon (ref. 37). Observations indicate that the range of varia-
tion depends upon the type of vegetation. At a height of 8 meters (m) above a
forest, the diurnal variation is about 38 ppm, about 12 percent of the lowest
concentration of C02, 320 ppm (refs. 38, 39, and 40). It should be mentioned

that the above measurements are taken a few meters above the vegetation.
Because of different mixing processes, the concentration inside of the vegeta-
tion can be 20 to 50 ppm higher, while the concentration far above the vegeta-
tion would be the same as that of the free atmosphere. Figure 11 illustrates
the diurnal variation of CO2 at different heights above vegetation.

Little information in the literature is available on the diurnal variation of the
CO2 concentration above vegetation at heights from 100 m to the free atmos-

phere, Qualitatively, one would expect strong vertical mixing during the day-
time, owing to the steeper temperature lapse rate, which would lead to a
CO2 concentration larger than the mean value. During the night, converse

would be true. A temperature inversion would tend to restrict the vertical
exchange leading to smaller concentrations of CO,. No theoretical treatment
of this problem is presently available. ,

Observations of the diurnal variation of atmospheric CO2 for different months

at Mauna Loa Observatory in Hawaii are shown in Figures 12 and 13, The
observatory is located 30 km away from any vegetation, but is under the
influence of a sea breeze circulation during the afternoon, which is correlated
with the observed minimum concentration at this time.

The average daily changes, in general, have a pattern similar to that of Fig-
ure 11, That is, the maximum and minimum concentrations in a day are

found during the forenoon and afternoon, respectively., However, the noctur-
nal bursts, a general increase in concentration after sunset, are less regular
than the dip in the afternoon. The general trend of daily extremes shifts
slightly to later times from September to March, The largest range is found
in September and the smallest range is found in February. The annual average
of the diurnal variation of atmospheric CO5 at Mauna Loa is shown in Figure
14,

The nocturnal burst is related to the south wind, by which the volcanic COq

is brought to the station by down-slope winds from the summit of the moun-
tains. The afternoon dip is mainly due to the sea breeze circulation eifect
in which COy is taken up by the vegetation on the lower slope before reaching

the observing station.
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Annual Variations

The monthly and yearly variations on the daily maximum and minimum CO2

concentirations in the open air close to the top of a vegetation unit were mea-
sured and analyzed by Huber (refs. 40 and 42) and Pommer (ref. 42) and are
shown in Figure 15. The exireme maximum is about 440 ppm in July and the
extreme minimum is about 300 ppm in November. The peak of the monthly
average of the maximum is about August, and the lowest value of the monthly
average of the minimum is in July.

The daily average concentration of atmospheric 002 at Mauna Loa Observa-

atory in the course of 1963 is shown in Figure 16. The monthly average
versus time for the period between 1958 and 1963 is shown in Figure 17.
These observations also show that the annual maximums and minimums of
the CO2 concentration occur in May, and September-October, respectively.
Based on these results, the rate of yearly increase of atmospheric 002 at
the Observatory, presumably due to world wide combustion of fossil fuels,
is about 0.68 ppm per year. The data collected from aircraft observations
at 700 mb during 1960 and 1961 near Mauna L.oa Observatory are compared
with surface observations in Figure 18. The phase and magnitude at the 700
mb level during 1960 and 1961, in general, reveal the same characteristics
as the observations at the surface.

The month to month variations of CO2 concentration in the free atmosphere

over the Northern Hemisphere were collected and analyzed by Bolin and
Keeling. For illustration, these variations are shown in Figures 19 and 20.
The maximum CO2 concentration is detected in May and the minimum CO2

concentration is detected in September. The monthly range at lower latitudes
is smaller than the range at higher latitudes. Theaverage range is about 7 ppm.

Latitudinal Variations

The variation with latitude of the annual average concentration of CO2 is shown

in Figure 21. Several features stand out. The highest values occur at equa-
torial latitudes, the lowest values at the poles. This is attributed toa net re-
lease of CO2 from the oceans to the atmosphere at low latitudes. The Northern

Hemisphere values are greater than the Southern Hemisphere values. This is
due to the greater industrialization and attendant release of 002 into the at-

mosphere by fossil fuel combustion. A secondary maximum at 500 mb at
middle latitudes of the Northern Hemisphere is probably the result of a con-
centration of industrialization at these latitudes. The total CO2 range is only

about two ppm -- from 313 ppm at the South Pole to 315 ppm at the equator.

The variation of CO2 concentration with latitude and month of the year is
shown in Table 6. These data are based upon CO2 observations at 500 mb

and 700 mb for the Northern Hemisphere and near the surface for the
Southern Hemisphere. The seasonal variation increases with latitude from
a range of about one ppm at the South Pole to about nine ppm at high
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TABLE 6. ~"SMOOTHED AVERAGE VALUES OF THE CO2 CONCENTRATION,
ppm BY LATITUDE AND MONTH
[From ref. 43]
Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nowv. Dec. | Average
78. 0°N 315. 7 316.4 | 316.9 | 317.2 | 317.2 | 315.5 | 309.9 308.0 308. 8 311.8 [ 313.7 315.0 | 313.85
50. 0°N 314.8 § 315.7 | 316.5 | 317.1 317.3 315.5 | 313.0 311. 2 310.3 | 311.9 313.0 | 313.9 314.2
40, 0°N 314.6 | 315.6 | 316.5 | 317.3 | 317.9 | 317.1 315.2 | 312.6 | 310.6 ) 311.7 | 312, 7 |313.7 ) 314.6
32. 5°N 314.5 | 315.4 { 316.3 317.3 318.0 317.6 | 316.0 | 313.7 | 310.9 311.5 | 312.6 | 315.6 | 314.8
27, 5°N 314.4 | 315.3 316.1 317.1 317.9 317.5 | 316.3 | 314.3 311.1 311.4 | 312.5 | 313.5 | 314.8
22, 5°N 314.2 | 315.1 315.9 | 316.6 317.2 | 317.0 | 316.4 | 314.8 | 311.5 | 311.3 | 312.3 | 313.3 | 314.65
17, 5°N 314.1 | 314.9 | 315.6 | 316.2 | 316.7 316.6 | 316.3 315.1 312.3 | 311.3 | 312.2 §313.2 | 314.55
12. 5°N 314.3 | 314.8 | 315.4 | 315.9 316.3 | 316.4 | 316.2 | 315.4 ( 313.7 | 312.9 | 313.2 | 313.8 | 314.85
7. 5°N 314.6 | 315,0 | 315.4 | 315.8 | 316.1 316. 3 316.1 315.5 | 314.5 | 313.9 313.8 314.2 | 315.1
2. 5°N 314.8 | 315.1 315.4 | 315.7 | 316.0 316.2 | 316.0 315.6 | 315.0 314.3 | 314.0 | 314.4 ] 315.2
2. 5°S 314.8 | 315.1 ] 315.35) 315.6 | 315.85) 316.05) 316.0 315.6 | 315.0 | 314.3 314.1 314.4 | 315.2
7. 5°S 314.6 | 314.9 | 315.15] 315.4 | 315.65| 315.9 | 315.9 315.6 | 314.9 314.3 | 314.1 314.3 315.05
12, 5°S 314.3 314.6 | 314.85]| 315.1 315,4 [ 315.7 | 315.8 315.55| 314.8 314.2 | 314.0 314,1 314.85
17, 5°5 313.8 314.1 314.4 | 314.8 315.2 | 315.6 | 315. 7 315.5 | 314.8 313.7 | 313.5 | 313.6 | 314.55
30.0°S 312,7 | 312,6 | 312.8 | 313.9 | 314.7 | 315.2 | 315.4 | 315.4 | 314.8 | 313.8 | 313.1 | 312.8 | 313.95
50, 0°S 312.7 ) 312.3 312.0 312.8 313.6 | 314.0 314.3 314,5 ) 314.3 | 313.9 | 313.5 | 313.1 313. 4
90. 0°S 313.0 | 312.6 | 312.4 | 312.4 | 312.5 | 312.8 313.2 | 313.4 | 313.5 | 313.6 | 313.5 | 313.3 | 313.0
Average 313.37| 314.67] 315.11] 315.66| 316,09 | 315.94| 315.16] 314,22 312,49} 312.43| 313.28 | 313.89] 314.51




latitudes of the Northern Hemisphere. This latitudinal variation of annual
range of CO2 concentration is due to the large amounts of land vegetation in

the Northern Hemisphere. In the Northern Hemisphere the maximum CO2
concentration generally occurs in late spring, and the minimum concentration
generally occurs in late summer and early fall.

Since it it located far from industrial and vegetated areas, the South Pole is
an excellent place to measure 002 concentrations for the purpose of deducing
the long term atmospheric CO2 increase due to combustion of fossil fuels on
a world wide scale. Table 7 shows the results of CO2 concentrations at the

South Pole during the years 1958, 1960, 1961, 1962, and 1963. These data
indicate that the mean atmospheric CO concentration is rlslng at a rate of
0.68 ppm per year.

Vertical Variations

The overall vertical variations of C02 concentration are small except near the
Earth's surface. From Figure 11, the maximum CO2 concentration near the
vegetation surface is about 400 ppm, and the corresponding CO2 concentration

at 100 m is only 330 ppm, the maximum difference being about 70 ppm. In the
morning after the convection currents are established, there is a steady ver-
tical transfer of CO2 from the surface to higher elevations. This transfer

diminishes and reaches a nearly steady-state condition in the afternoon, and
results in a uniform COz concentration with height. These results are be-

lieved to represent the vertical CO, variations for the planetary boundary
boundary layer in a vegetation area.

Observations of the vertical variation of CO2 concentration for other areas

are available in limited regions of the Earth such as Scandinavia. These
measurements are usually taken from either aircraft (refs. 43-45)or constant
level balloons (ref. 47).

The annual average value of CO2 concentration in Scandinavia from zero to
three km is shown in Table 8. It can be seen that the CO2 concentration near
the surface is about 318 ppm, and the concentration decreases sharply to 314
at 0.4 to 0.6 km. From this level up, the change is rather small.

According to Bischof (ref. 46), the effects of the surface variation of the CO,

concentration can extend up to tropopause. The temperature inversion at the
tropopause tends to suppress any further vertical mixing. These observations
from jet aircraft at a 10 km level indicate that the concentration in the strato-
sphere is about four ppm lower than the same height in the troposphere. It is
important to mention that the observations are made in different locations on a
flight path between Los Angeles and Scandinavia. Thus, the CO2 concentration
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TABLE 7,- MONTHLY AVERAGE CONCENTRATION OF ATMOSPHERIC
CARBON DIOXIDE AT LITTLE AMERICA IN 1958 AND AT
THE SOUTH POLE IN 1960 THROUGH 1963
[From ref, 43

1958 1960 1961 1962 1963
Concen- Concen- Concen- Concen- I Concen-
No. of tration No. of tration No. of tration No. of tration No, of tration’
Month days ppm days ppm days ppm days ppm days ppm
January 7 310. 86 11 314.70 31 315, 23
February 27 310. 77 27 314. 48 28 314.97
March 31 311.05 30 314, 26 29 314, 57
April 30 311.35 30 314. 31 18 315, 31
May 30 211.68 4 313. 40 13 313. 56 28 314.36 30 315, 64
June 30 311. 86 30 313.08 30 313. 56 20 314. 48 25 315. 58
July 31 311.92 10 313. 56 31 313. 64 28 314. 48 28 315. 60
August 30 312. 61 18 313. 53 23 314.03 31 314.80 24 315. 64
September 28 312,90 19 314. 34 28 315, 21 22 315. 74
October 29 312,81 18 314.96 29 316.01 16 316. 30
November 3 312,25 30 315.07 16 316.23
December 30 314. 89 31 315,71
Annual 311. 82 313. 39 314.26 314. 92 315. 46
Mean
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SCANDINAVIA FROM ZERO TO THREE km

[From ref. 44]

Height Number of Loﬁ?xfitagic‘l él(};per Average of

km measurements concen- all values,
tration ppm ppm
0 -0.2 51 306-340 318
0.2-0.4 31 300-329 316
0.4-0.6 19 305-327 314
0.6-0.8 10 304-325 314
0.8-1.0 13 305-322 315
1.0-1.2 12 309-320 131
1.2-1.4 5 309-318 312
1.4-1.6 12 309-321 316
1.6-1.8 9 308-319 312
1.8-2.0 4 307-319 315
2.0-2.2 7 308-320 314
2.2-2. 4 -- - -
2.4-2.6 3 310-319 315
2.6-2.8 4 310-317 312
218-3.0 6 308-320 315
1.0-3.0 62 307-321 314
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is about 314-315 ppm in the upper troposphere and about 310-311 ppm in the
lower stratosphere. Also, because of the lack of convection and vertical
mixing in the stratosphere, the time variation of the CO2 concentration in the

stratosphere wil be less than in the troposphere.

Between 15 and 30 km, observations of the C02 concentration were made from

constant altitude balloons, and the results were analyzed by Hagemann, Gray,
Jr., Machta and Turkevich (ref. 47). They conclude that the CO2 concentra-

tion is about 312, 310, 313, and 310 ppm for the levels 15.5, 20.0, 24.8, and
28.0 km, respectively. The standard error of a single observation is about
from 0.5 to 1.0 percent. The average value for all cases is about 311 ppm
with an average deviation of less than one percent and a range of +£2 percent.

No measured CO2 concentrations are available above 30 km. One would expect

the concentration at higher elevations to be about the same as the value observed
at 20 km.

Another aspect of the problem is the possible dissociation of the CO2 molecule

by ultraviolet radiation at 1600°A. Bates and Witherspoon (ref. 48) have con-
sidered this problem theoretically. Their calculations indicate that the life-
time of the CO2 molecule is extremely long at 90 km, which suggests that

dissociation effects are not important at this level. Above 90 km, the proba-
bility of dissociation increases with height. On the basis of these findings,
the possible dissociation of the CO molecule can be neglected in the horizon
radiance problem.

Based on the results in preceding paragraphs a standard atmosphere profile
of CO2 concentration is constructed and is shown in Figure 22. The CO2

concentration decreases somewhat from the surface up to 1 km level. The
vertical variation in the troposphere and stratosphere are relatively small.
Near the tropopause, which we assume is at 10 km, there is another small
decrease of CO2 concentration.

If we assume that the value of the CO2 concentration at five km, 314 ppm, is

representative of the average for the whole atmosphere, then the concentration
at 0.1 km is about 2. 2 percent higher than the average and the concentration
at 30 km is about 1.0 percent lower than the average. A reasonable estimate
of the average vertical variation of the CO concentration about the mean value
is approximately +1 percent.

Estimates of the average deviation of CO2 concentration about the mean values

are also indicated in Figure 22, The average deviations in the stratosphere

are based upon the observations of Hagemann, Gray Jr., Machta, and Turkevich
(ref. 47), The average deviations for the troposphere are based upon a gross
interpretation of the values presented in previous sections of this report.

Above a height of one km, the average deviation of CO2 concentration is less
than +3 percent.
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Between 15 and 30 km, observations of the CO, concentration were made

from constant altitude balloons, and the results were analyzed by Hagemann,
Gray, Jr., Machta and Turkevich(ref. 47). They conclude that the CO3 concen-
tration is about 312, 310, 313, and 310 ppm for the levels 15.5, 20,0, 24, 8,
and 28. 0 km, respectively. The standard error of a single observation is
about from 0.5 to 1.0 percent. The average value for all cases is about

311 ppm with an average deviation of less than one percent and a range of

+2 percent.

No measured COg9 concentrations are available above 30 km. One would
expect the concentration at higher elevations to be about the same as the
value observed at 20 km.

Another aspect of the problem is the possgible dissociation of the COgq
molecule by ultraviolet radiation at 1600A. Bates and Witherspoon (ref. 48)
have considered this problem theoretically. Their calculations indicate

that the lifetime of the CO92 molecule is extremely long at 90 km, which
suggests that dissociation effects are not important at this level. Above 90
km, the probability of dissociation increases with height. On the basis of
these findings, the possible dissociation of the CO5 molecule can be neglected
in the horizon radiance problem.

Based on the results in preceding paragraphs a standard atmosphere profile
of COy concentration is constructed and is shown in Figure 22. The COg2
concentration decreases somewhat from the surface up to 1 km level. The
vertical variation in the troposphere and stratosphere are relatively small.
Near the tropopause, which we assume is at 10 km, there is another small
decrease of COg concentration.

If we assume that the value of the COy concentration at five km, 314 ppm,

is representative of the average for tl%e whole atmosphere, then the concen-
tration at 0.1 km is about 2.2 percent higher than the average and the con-
centration at 30 km is about 1.0 percent lower than the average. A reason-
able estimate of the average vertical variation of the COg9 concentration about
the mean value is approximately +1 percent.

Estimates of the average deviation of CO9 concentration about the mean
values are also indicated in Figure 22, The average deviations in the
stratosphere are based upon the observations of Hagemann, Gray.Jr., Machta
and Turkevich(ref. 47). The average deviations for the troposphere are based
upon a gross interpretation of the values presented in previous sections of this
report. Above a height of one km, the average deviation of CO, concentration
is less than +£3 percent.
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HORIZON RADIANCE COMPUTATION

- INTRODUCTION

This section compares the background work of various investigators relative
to the computation of horizon radiance in the 15 micron band of carbon dioxide,
The problem is to derive theoretical radiance profiles of radiance versus tan-
gent height of the ray or of nadir angle at the sensor. The methods by which
the radiative transfer equation is applied to the 15 micron spectral region for
different atmospheric conditions will be considered. Finally, the resulting
profiles will be compared in terms of data inputs and assumptions.

Infrared radiance emiited by the Earth and atmosphere varies spectrally and
with tangent height depending on the absorbing properties of the atmospheric
gases and on the temperature and pressure distribution. We are concerned
with the infrared radiance in the 15 micron carbon dioxide band that is emitted
nearly horizontally, the so-called "horizon radiance'. Previous studies of
the infrared horizon radiance were based on results of theoretical calculations
which utilized atmospheric models to compute the emitted radiance.

THE RADIATIVE TRANSFER EQUATION

Radiant energy emitted by the Earth and atmosphere in the carbon dioxide
band can be expressed by the following integral equation called the radiation
transfer equation:

Ih) = -fv

2 Ty V2
(2 [Teamrar o [T 5y mony e )
1

vy

where I(h) is the radiance for a given tangent height h, v is the wave-
number, vy and Vo are the spectral limits of interest, J\)(T) is the spec-

tral source function at temperature T, T\) is the spectral transmittance
for carbon dioxide, and the subscript o is the Earth's surface or the sur-
face of an opaque cloud.

The equation lends itself to an immediate interpretation. The double integral
is the radiant energy emitted by the atmosphere, and the single integral is
the radiant energy emitted by the Earth's surface that is ultimately trans-
mitted to the top of the atmosphere.
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PATH OF INTEGRATION

In Figure 23, the integration is carried out as a line integral along an optical
path, s. The radiative transfer equation, as stated above, corresponds to the
optical path, s, that passes through the atmosphere and ultimately terminates
at the Earth's surface. That is, the tangent height is negative or zero. For
positive tangent heights, the optical path passes completely through the atmos-
phere, from outside to interior to outside. In this case, only the atmospheric
emission integral in the radiative transfer equation applies to the problem, and
the surface emission term is zero.

Sensor Altitude

The altitude of the sensor, presumed to be on a satellite above the atmos-
phere, determines the relationship between tangent height and nadir angle of
view at the sensor. Both quantities have been used as independent variables
to define horizon radiance profiles. For parallel radiation to the sensor
(see Reference 49 for details), the tangent height is used exclusively as the
independent variable, The height of the sensing satellite was chosen at 160
km (ref. 49), 300 km (ref. 50), 370 km (ref. 51), and over the range, 75
km to 40 000 km (ref. 52). These height differences have very little effect
on the radiance profile as a function of tangent height in general, and no
effect if the atmosphere is horizontally homogeneous.

Refraction

Refraction causes the optical path to curve (Figure 23). True tangent height
is the lowest altitude of the actual ray. Apparent tangent height is defined

as the altitude of the lowest point of a straight ray reaching the sensor at the
same nadir angle as the actual curved ray. In the derivation of the optical
path, refraction was considered by a number of previous investigators (refs,
52 through 55). Maximum refraction is about one degree for a ray passing
through the atmosphere twice at a tangent height of zero (refs. 53 and 54).

It was noted that, since refraction decreases with increasing tangent height,
refraction steepens the radiance profile expressed in terms of apparent

nadir angle because of the smaller nadir angle change per unit tangent height
change. Wark, Alishouse, and Yamamoto (ref. 55) found that the refraction
effect is not as large as effects arising from differences in the assumptions
of gas transmissivities or differences in techniques of calculation. Since the
15 micron radiance profile is st eepest at large tangent heights, the re-
fraction effect is insignificant there. Refraction was ignored in some pre-
vious works (refs. 50, 56,and 57). A justification for this by Hanel, Bandeen,
and Conrath (ref. 56) was that refraction has no effect on horizon sensing be-
cause of the circular symmetry of its angular lifting of the apparent horizon.
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To account for refraction, Wark, etdl,, (ref. 55) used the refractive index as
a function of elevation and assumed that its spectral dependence was small
enough to be ignored. The index increases linearly with the air density. To
obtain density versus height, McArthur ( ref. 58) used profiles of model
atmospheres by Cole, Kantor, and Court ( ref. 59). Reference used a formula
for density as an exponential function of height derived from the hydrostatic
equation and the equation of state for ideal gases, an approximation for air.
Some investigators, such as Duncan, etal,,(ref. 53), computed the density
as a function of height by applying the equation of state to temperature and
pressure values from profiles of these variables in terms of height., These
profiles were from the same model atmospheres used by Oppel and Pearson
( ref. 54), the pressure profile being expressed by an exponential function of
height.

EMISSION (SOURCE FUNCTION)

In the radiative transfer equation, J_(T) is the radiant energy of emittance
per unit wave number. Its value depgnds on whether the carbon dioxide mole-
cules undergo sufficient collisions to maintain local thermodynamic equili-
brium or whether the molecules are excited purely by radiative absorption.

Loocal Thermodynamic Equilibrium (Blackbody Emission)

This equilibrium is assumed to be valid in most studies. Assuming this,
emission is represented by the Planck function, expressing radiance of a
black body in terms of wavelength and temperature (refs. 50, 52, 53, 56, 58,
and 60).

Emission of the atmosphere, expressed in the first term of the radiative
transfer equation, is a particularly sensitive function of temperature. Tem-
perature affects the horizon radiance profile more through the emission than
through the curvature of the refracted path or the spectral line widths in the
transmission. Simple assumptions were made of just one atmospheric tem-
perature (ref. 51) and two temperatures (ref. 52). Observed temperature
soundings were used by Kondratiev and Yakushevskaya ( ref. 50); the latter
obtained their data from London (ref, 61) and Murgatroyd (ref. 62). Most
of the investigators (refs. 53 through 56, 60 and 63), used model atmospheres.
Burn (ref. 64 ) noted that, with the exception of the ARDC Model Atmosphere,
different investigators used different temperature profiles even though the
corresponding model atmospheres were similar. Wark, et al,, assumed for
their models that temperature varied with height only in a horizontally
homogeneous atmosphere.

Emission at the surface of the Earth or an opaque cloud surface contribute

to the radiance at the satellite (given by the second term in the radiative
transfer equation) only where the ray intercepts that surface. As noted by
Woestman (ref. 51), there is such a contribution only if, in addition, the
atmospheric transmissivity has not decreased to zero where the path reaches
the opaque surface. In practice, near 15 microns (Hanel, et al., (ref. 56) zero
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transmissivity is reached along the ray at an altitude above the opaque sur-
face. Consequently, the second term of the radiative transfer equation is
always counted as zero for the 15 micron spectral region, even though the
term is included in an analyses computer program (ref. 49). Thus, tempera-
ture contrasts between the air and the Earth's surface have little or no effect
on the horizon radiance profiles. Kondratiev and Yakushevskaya (ref, 60)
tried models with contrasts of £5, +10, and 150 degrees and Woestman

(ref. 45) hypothesized (ref. 60) a contrast of 71° C,

Absence of Local Thermodynamic Non Equilibrium

Absence of local thermodynamic equilibrium was considered in the calcula-
tions (ref. 49) based on those of Curtis and Goody (ref. 65), and Young

(ref. 66). This assumption is necessary (ref. 49) to compute the infrared
horizon radiance for tenuous regions of the atmosphere above 60 km. Thermo-
dynamic equilibrium prevails in the atmosphere where vibrational (and
rotational) energy levels of the gas molecule remain populated according to a
Boltzmann distribution determined by the local kimetic temperature. This is
possible only if the collisions are frequent enough to maintain such a distribu-
tion regardless of the radiative processes. The time required to establish

a Boltzmann distribution by collisions is called the relaxation time and is
inversely proportional to atmospheric pressure. If the relaxation time is
long - as in the upper atmosphere, where collisions are infrequent because

of low pressures - a Boltzmann distribution cannot be maintained. Under
these conditions, when a photon is absorbed by a molecule, it will be re-
emitted (scattered) without passing into the kinetic energy of translation, and
a state of absence of local thermodynamic equilibrium prevails. At these
levels, the source function must be calculated from considerations of mole-
cular collisions and radiative transitions,

Curtis and Goody (ref. 65) showed that the appropriate source function for
the combined effect of collisional and radiative excitation has the form,

6 A

Jv=e_-FXBv+9—JrXF\)’ (6)
where
_ Jde fdv nKvly
¥ o= Y (7)
v 417 fd\) nkKky;

and 6 = 0. 41 seconds, the radiative lifetime of the 15 micron vibration
band of COz; A, the vibrational relaxation time, is Z%*/Z; Z* is between 103

and 106, the required number of collisions; Z is the number of collisions per
second; F\) is the source function for incoherent scattering; I\) is the external

radiance incident on the source point; n is the CO2 number density at that
altitude; K\) is the absorption coefficient per molecule; and de is a small

incremental solid angle.
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There is uncertainty about the exact dependence of J\)’ which depends on the

uncertain measurements of Z* and the difficult and uncertain calculations of
F .
Vv

TRANSMISSIVITY MODELS AND SOURCES OF DATA
(15 MICRON REGION)

Carbon Dioxide

The other key parameter besides the source function in determining the rad-
iance profile is the absorptivity (or transmissivity) as a function of an optical
path variable (u) and of the spectral absorption coefficient k(v, T), a function
of the molecule. In practice, a spectral band of finite spectral width (Av) is
considered with an averaged kA (T), depending on the particular band under
consideration. v

In general, for turbid atmospheres at low altitudes, and in an atmospheric

window at shorter wavelengths than 10 microns, there might be an important
contribution to the transmissivity due to acattering of radiation by molecules
(Rayleigh) and aerosols (Mie). But at 14-16 microns, where the atmosphere
is nearly opaque for a path from infinity to 10 km, due to the intense CO2 ab-

sorptivity, the scattering component is negligible compared to the absorptivity
(ref. 67). Most authors treat the 14-16 micron region as if the only absorb-
ing species were carbon dioxide; we shall, therefore, concentrate on the treat-
ment of CO2 transmissivities, reserving a discussion of the treatment of O3

and HZO to a later section.
For a homogeneous path, the absorption A, or the transmission, T =1-A,
is a function of the pressure P, the temperature T, and optical cross sec-

tion (or "path'") U = ns, where n is the molecular number density of the ab-
sorbing species, and s the physical path length. The practical unit of U,

atm-cm, is obtained by dividing the rational unit, molecules/cmz, by
Loschmidt's number, L0 = 2.687 x 1019 molecules/cc of gas at Standard

Temperature and Pressure (STP). By use of the Gas Law, n = mP/kT,
where k is the Boltzmann constant and m is the CO2 mixing ratio, the

absorption is reduced to a function of three path variables, (P, T, U) be-
sides RA\)(T).

For an inhomogeneous path, it has become customary to define an "effective
homogeneous" U _, P, T_ as integrals over the entire path:

e
U, = Jnds or (dUe=nds) (8)
_ -1
P, U, JSP du, (9)
- -1 .
Te = Ue JT dUe (10)
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Spectral line strengths and absorption coefficients for COz. ~- The intense

band of spectral absorption in air in the 14-16 micron region is predominantly
due to the fundamental bending vibration-rotations of the linear (O-C-0O) mole-
cule. Molecular mechanics and line strengths (or intensities), and positions
within this band, are treated in some detail in the works of previous investi-
gators (refs. 64 and 68 through 72). Table 9 lists the relative abundances of
the eight isotopes of CO2 and the relative intensities of the 15 strongest vibra-

tions which each isotope undergoes. Listings of individual line strengths in
order of wavenumber are also given by the above references, Figure 24 is

an illustration of the distribution of these line strengths (S = fkd v) within

the spectral region. Each vibration contains a P, @, and R branch correspond-
ing to the rotational transitions AJ =1, 0, and -1. For the principal vibra-

tional transition (0110-0000) only, the temperature dependence of line strength
is illustrated, which will later be of interest. Thus the entire region contains

about 5000 lines, including those more than 10“5 of the largest intensity,
which may be classified into three rotational branches in 15 vibrations, in

eight isotopes.

The spectral absorption coefficient resulting from each line is broadened by
a combination of Doppler and collisional (L.orentz) broadening. Since the

total Doppler width (between half maxima) is about 0.0011 cm"1 at 300° K, a
high resolution treatment of the spectral absorption coefficient would require
integration over more than 100 000 spectral intervals to cover the band range

of 600 to 725 cm-l. For computational convenience, some form of low
resolution treatment, resulting from theoretical band models or experimental
data at low resolution, is required, and this approach is taken by all investi-
gators,

The effect of pressure on the transmissivity. -- In general the trans-
missivity or the absorptivity is a function of (v, U, P, T). Computational
convenience and speed dictate that the reduction of the number of variables
be from four to two or one. The pressure effect shall be discussed first.
It has already been seen that U is proportional to the molecular density of
CO,; which is proportional to P/T, by use of the Gas Law. A further

pressure effect ensues as a result of collision broadening of the line shape.

The well-known Lorentz formula for the absorption coefficient contribution
from a single line "i" is

Si a; -1
1'r

(11)

— 2 2
K;(v) = [(v—vi) + ]

where Si is the strength of the line, and « is the half-width at half-maxi-

mum., Further, the half-width is proportional to the collision rate, which is
proportional to the pressure divided by square root temperature,

66



TABLE 9, - ISOTOPE CONCENTRATIONS AND BAND INTENSITIES
ON THE 15 MICRON CARBON DIOXIDE BAND

ISOtgPe (o} atl?fit?::c?e: Percent

12 16 16 1.00 98. 4

13 16 18 1.12x 1072 1.10

12 16 18 4.0x 1073 0.4

12 16 17 8.ox 1074 0.08

13 16 18 4.5x 1072 4,4x 1073
13 16 17 8.9x 1078 8.7x 1074
12 18 18 a.1x 1078 4.0x 1074
12 17 18 1.6 x 10”8 1.5x 1072

LFrom Sasamori (1959)]

Lowerulevel Upper l'e'vel c}:r.;?:r c!? 0'% pand intensities, em™? atm™b
vV g vV g cm™! 300°K 265°K 240°K 218°K
0o o o o 1t o 667. 40 212 221.8 227.5 231, 8
o 1! o 0o 2% o 618.03 4.7 3.21 2,27 1.55
o 1} o 1 o o 720. 83 6.2 4.19 2.97 2,02
o 1t o 0o 22 o 667. 176 16.6 11.3 7.97 5.43
o 2% o o 3! o 647,02 1.13 0. 51 0. 261 0.122
o 2% o 1 1t o 791.48 0.022 0.010 0.0051 0.0024
o 22 o o 3! o 5917. 29 0.157 0.071 0.34 0.0155
o 22 o 1 1! o 741.75 0.14 0. 063 0.030 0.0136
0o 22 o o 3% o 668.3 0.85 0.38 0.18 0. 083
1 00 o o 3! o 544, 26 0. 0044 0.0019 0. 00091 0. 00040
o 3% o o 4% o 581.2 0. 0042 0.0012 0.00041 0.00013
0o 3% o 1 22 o 756, 75 0.0059 0.0017 0. 00057 0.00017
o 3! o 1 22 o 828.18 0. 00049 0.00015 0.000051 0. 000016
o 31 ¢ 1 2% o 740.5 0.014 0.0043 0.0015 0.00046
o 4t o 1 3% o 769.5 0. 0004 0.00008 0.000016 0. 0000024
Total intensity 241.8 241.5 241.2 241.0
Qv 1.0886 1.0562 1.0379 1.0250
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o P T (12)

where « is the half-width at some standard pressure and temperature, Po’
To' Usually all the lines in a band have about the same half-width.

The most generally accepted experimental value for the reference line half-
width in the 15 micron, CO2 band is that determined by Kaplan-Eggers ( ref.

-— . Y -~ -]
27), «, = 0.064 cm at PO =1 atm, T0 = 298°K,

If the dominant lines contributing to the absorption are sufficiently strong that
the absorption coefficient at line peak (Si/Tr d) is much greater than U-l, then

it can be shown that the average effective absorption coefficient k (Av, T) over
a spectral interval Ay containing a number of strong lines is proportional to

(@U), thus to (UP/ T ), or to P2/T3/'2). This T (UP) rule was first stated
by Elsasser (ref. 75), and the theoretical justification was discussed in

more detail by Plass (ref. 76).

The pressure effect and the T(UP) rule are illustrated in Figure 25 by the

transmissivity data for 300°K averaged over 675-700 cm 1 assembled by
Wark and Alishouse (privately communicated) from the work of Yamamoto
and Sasamori (ref. 68). For U/P>> 1 cm, the transmissivity tends in the
limit to a function of the single variable, UP. In this region the absorptivity
at the line peaks is saturated (totally absorbing). In the opposite limit, U/P
>> 1 cm, the transmissivity is a function of U alone, independent of P. Here
the lines are greatly pressure broadened and overlapping, and the peaks are
unsaturated,

Figure 25 also shows the range of (U, P) values covered by optical paths
which orginate totally outside the atmosphere and then pass through some
part of the atmosphere for different paths ranging from vertical paths to
horizontal paths at various tangent heights. These paths lie wholly within

the range of validity of T(UP), with U/P = 103 to 104 cm. Therefore, for

this class of path, the transmissivity may be treated as a one-dimensional
function of UP, with considerable saving in computational effort. This rule
can be shown to be the theoretical justification for the use of Equation (9)
for the pressure weighting is an inhomogenous path.

The effect of temperature on the transmissivity, -- Temperature effect
has been treated in detail by Sasamori (ref. 70). It has been shown that the
effect of Loorentz broadening can be compensated by adjusting the optical path
variable to an "effective'

-1/2 (13)
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In addition, the temperature affects the absorption coefficient of the molecule
(k), which in all models is proportional to the effective line strengths in the
spectral region. This is illustrated in Figure 24 and Table 9.

The effect of temperature on the line strength for an equilibrium system de-
pends on the variation of the Boltzmann distribution of molecules in energy
lev.els involved in the line transition. Theoretically the line strength can be
written as B

1

-
S(T) (Nu- Nl) A= NQ'l_(e KT - ¢ KT ) A (14)

where u, 1 are the upper, lower states of the transition, Aul is the

transition probability, which is independent of temperature, N is the mole-
cular density, E is the energy of the level, k is Boltzmann's constant, and
Q(T) is the partition function.

Thus, the temperature effect varies the absorption coefficient in a nonlinear
fashion and is somewhat difficult to treat with general rigor. Figure 24 shows
that even the sign of the effect can vary with wave number. As a practical
matter, atmospheric temperatures range from about 200 to 300°K, and
Sasamori and others have found that it is adequate to treat this temperature
effect by a linear variation about a normalized mean temperature, say

T, = 250°K,
k(v, T) = K(v, T NT/T) vy (15)
or R(v, T) = K(v, T )14y 5 (W) (T-T /T +...)] (16)
where
T
0 ds
2 S(TO) dT T,

Thus, in summary, by combining Equations (13) and (15), the transmissivity
or the absorptivity for narrow spectral intervals in the 14-16 micron spectral
region due to carbon dioxide in the 200-300°K temperature region for any pres-
sure, if U >>P, can be written as a function of the single variable
Yyt
- 1 2
k* Ux = k_U PP (T/T ) (18)

Theory indicates that 8 = 1 and Y, = -1/2, and both are independent of wave-

number., However, for generality, these are left to be determined by optimum
curve fitting techniques from experimental or theoretical transmissivity data.
The undetermined "constants", ko and Yo, are expected theoretically to

vary significantly with wavenumber.
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Sources of transmissivity data for carbon dioxide (14-16 microns). -- It
has now been demonstirated that transmissivity should be approximately re-
presented by a universal function of a single variable. It remains to deter-
mine the shape of this function and to test these conclusions with transmis-
sivity data for carbon dioxide in the 14-16 micron spectral region., Data may
be obtained from experimental measurements at resolutions of the order of

5to 10 cm—l, or they may be computed by means of theoretical absorption
models and the use of spectroscopic constants, which are usually themselves
reduced from the experimental spectroscopic data.

The most generally accepted source for experimental data covering a wide
range of the independent variables U, P is from the work done at Ohio State
University by Howard, Burch, Williams, Gryvnak, Singleton, and France
(refs. 77 and 78). Many spectral transmissivity curves in the ranges P =

0. 002 to four atm and U = 0.002 to 3000 atm-cm are published. Most of the
data are taken at ambient laboratory temperatures with a few additional runs
at temperatures up to 65° C,

The exact shape of the function A(k*U*) depends on the arrangement of line
positions and intensities within the interval. A number of theoretical band
models have been developed for a variety of arrangements. The Elsasser
regular band model would appear to be most nearly similar to the actual
arrangement in the carbon dioxide bands (see Figure 24). The Elsasser
model assumes a set of lines of uniform intensity (S) and uniform spectral
spacing (6). Then, the absorption in the strong line region (SU >> ma) is
given by

L 1/2
A=ert (302, (19)
0
Thus in terms of the Equation(18)
ko= (27527 g=1, v =-1/2

° 5

and Y, may be determined from Equation(17) fromdata on line strength

versus temperature which was published by Yamamoto and Sasamori and
Young (ref. 66).

Yamamoto and Sasamori (refs. 68 and 69) used the Elsasser theory to com-
pute the transmissivity of carbon dioxide from 550 to 830 wave numbers,

from U = 10”2 to 10% atm-cm, P =10"° to 1 atm, and at T = 218, 240, 265,

and 300°K. They used a model due to Kaplan (ref. 79) sometimes called the
Random Elsasser Model, to combine the effects of several individual Elsasser.
bands in a single spectral region.
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Stull, Wyatt and Plass (refs. 71 and 72), and Drayson (ref. 80), have used
the Quasi-Random Model of Wyatt, Stull and Plass (ref. 81) to compute and
publish extensive tables of transmissivity data over ranges of U, P, T similar
to those of Yamamoto and Sasamori. This model is too involved to discuss
here, and the reader is referred to the above references. In addition, Plass
(ref, 82) has extended these calculations to slant paths in the atmosphere;
some cases extend as high as 50 km. This is apparently the only source of

data for effective pressures as low as 3.7 x 10“4 atm., except by extrapola-
tion from higher pressures (e. g., by the method illustrated in Figure 25).

These sources of extensive data are-in reasonable agreement with each
other, considering the different methods by which they were obtained.

Carpenter, House, and Mariauno (ref. 49) have subjected both the homogeneous
and slant path data of Plass (ref. 82) to an empirical curve fitting computation
to accurately determine the best mean square coefficients in the following
form:

In (-1n T) Co+Clx+A1AT+C2x

3 (20)

2
+ leAT+A2AT +C3x
+ BZXATz

where

"
|

= 10ge (UP)

T - 250°K

AT

ATZ = T2 - (250)2.

Values of the derived coefficients are shown in Table 2 for 10 different spec-
tral intervals. The quadratic and cubic terms are not exactly consistent
with Equation (18), but these coefficients are very small and can be
neglected. C, is found to be nearly 1/2 in all 10 spectral intervals. By

comparing Equations (19) and (20) in the region x << 1, it can be shown that
ko‘)/ can be derived from Co’ A1 as follows:

ko(\)) = l4T' eZCO (21)
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- _1
¥ (v) = Y9 =5 = 250 Al 22)

These are also listed in Table 10, and it is seen that they do vary significantly
with wave number, ko is the value of the effective absorption coefficient ks

at 250° C. Yq is consistent with the averaged thermal derivative of the line

strength, as noted by comparing Equation (17) with Figure 24, Equation (18)
matched to the Plass points at k* u* < < 1 does not fit as well as the empirical
form.

In(-lnT7) = 0.076 +1/2 1oge (k*U*) (23)

which gives a reasonable approximation to the data for all v, U, P, T, if
used with the values of ko’ v listed in Table 10.

The effect of Doppler broadening. -- Doppler broadening of spectrum
lines results from the Doppler shift in absorption frequencies due to the
thermal velocity of the molecules; thus, the Doppler line width is proportional
to the square root of temperature, but is independent of pressure. At about
33 km, or at a pressure of about 0.07 atm, the Doppler half width (A \)1)

equals the Lorentz half width (Avl) for the 15 micron CO2 band. At higher
altitudes the absorption line spectral profile has a mixed Doppler-Lorentz

line shape and a half width of about Avp = 0.00056 cm™ L.

Plass and Fivel (.ref. 84) and others have pointed out that this has the effect
of producing a positive inflection on the experimental absorption curve of
growth. There are no experimental data on the required low pressure and
extremely long optical paths.

The data discussed in previous sections cover this range of U, P only by
theoretical extrapolation, based on a pure Lorentz line shape. Unfortunately,
the Doppler correction destroys the one-dimensional (UP) simplicity of the
previous treatment.

Carpenter, House, and Mariano (ref, 49) have developed an approximate
method for providing a Doppler correction to a transmission estimate from
pure Lorentz data. The corrected transmission is written

S3
_ = _1
Teor = T |15 Z A W(S) (24)
Sq
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TABLE 10,- CURVE FIT COEFFICIENTS

Av Co C, Al In ko=2Co—21n 1.13 ko v =250 A1x2
/600-615 | -1.998 0. 5297 0. 02655
615-625 | -0.8065 | 0.4779 0.02441
625-635 | -0.8933 | 0.5207 0.01855 -2.0310 0.131
635-645 -0. 2468 0.5174 0.009212 |
645-665 | +0.4692 | 0.5324 -0. 00037
665-670 | +1.581 0. 4545 -0. 00185 +2, 9176 18.50
670-690 | +0.3094 | 0.5323 +0. 00026 +0. 3744 1. 454 0.13
690-705 | -0.5223 | 0.5263 0.01534
705-715 | -1,361 0. 5327 0. 02642
715-725 | -0.8322 | 0.4667 0.02220




where TI'L is the extrapolation from Lorentz data and AW is the difference

in "equivalent width (Ref. 85) for a single line of Lorentz or mixed shape.
.. 2, . .

Beyond the strength limits S1 =4 A\,L/U and S3 =Dy /UA\’L’ this differ-

ence vanishes, This difference was calculated as a function of (v, U, T)

for the case P = 104U, which corresponds to points on horizon rays (see

Figure 25). The sum was executed over the line strength data listed by Stull,
Wyatt, and Plass (ref. 71). The results show that the Doppler correction
adds about one or two percent to the absorptivity between about 45 and 65 km.

Ozone and water vapor effects. -- The strong 2 fundamental vibration

of CO2 is the dominant atmOSpheric absorber and emitter in the 14-16 micron
region. There are, however, weak absorptions due to the wing of the HZO

rotational band and a weak ozone band centered at 710 cm_l. The order of
magnitude of these effects is illustrated in Figure 26 by the data of Elsasser
and Culbertson (ref. 86), showing the smoothed (or low resolution) "general-

ized'" spectral absorption coefficient (k*) of CO,, H,0 and O,.

The net spectral transmission for a mixture of these three gases is obtained
from the product of the contribution for each species,

T =T - T - T (25)
CO2 H20 O3

Justification for this rule requires only that the statistical line positions
between species bé randomly correlated,

A discussion of computations of absorptivity and the radiance of horizon

paths for a variety of spectral bands in the 600 to 725 cm™? region is given
in Reference 49. The results indicate that, for practical purposes, ozone

and water vapor effects are negligible when the entire 600 to 725 cm_l region
is considered as a single interval.

FORMULATION AND METHOD OF SOLUTION OF
RADIATIVE TRANSFER EQUATION

ASSUMPTIONS

Limits of Spectral Intervals
This topic includes the extreme limits of the entire spectral interval of mea-

surement plus the division of this interval into smaller spectral subintervals
for the purpose of numerical integration of the radiative transfer equation.
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Because of the large variability of transmissivity with wavelength, or wave
number, the characteristics of the computed horizon radiance profiles are
strongly dependent on both the width of the overall spectral interval and its
resolution into subintervals.

Some very broad infrared spectral intervals were considered by Duncan,

et al,, (ref. 53) (5~40 microns), Wexler and Brooks (ref. 52) (8~30 microns),
and Wark, et al., (ref,.55) (7. 7-16. 7 microns), but they do not represent the
15 micron carbon dioxide absorption band because they include the atmosphere
transmission window near 10 microns. Many investigators ( refs. 50, 51, 60,
80, and 83) worked with the narrower range of 12-18 microns, centered at

15 microns. Even though this range does not include the atmospheric window,
Kondratiev and Yakushevskaya (ref. B50) found variations of horizon radiance
with temperature changes in the troposphere. Earle (ref, 87) found that

this variability occurred in the right and left subintervals, 12.30-14.80
microns and 16. 0-18. 2 microns, of the 12. 30-18. 20 micron interval, and
that the 14. 29-16, 0 micron radiance profile was much less variable with
climatological differences. Similarly, Honeywell (ref. 49) showed less
variability in radiance for the total of eight subintervals, encompassing

wave numbers 615-715 cm—1 (13,99~16. 26 microns), than when one sub-
interval was added at each end to make a total of 10 subintervals, 600-725

em ! (13. 79-16. 67 microns).

Their subintervals varied in spectral width from 5 to 15 cm ™~ (0.1 to 0. 4
microns). Most investigators obtained a spectral resolution for their
radiance profiles corresponding to subintervals of one micron or less.
Duncan, et al,,ref. 53) divided the 5-40 micron range into 110 subintervals;
McArthur ( ref. 58) had a spectral width of 0. 7 microns in the 14.8-15. 5
micron interval; Hanel, et al.(ref. 56) had subintervals of 0. 5 to 1 micron;

and Wark, et al,, {(ref, 55) used 77 subintervals, most of them 25 cm—l wide.
The best resolution was obtained by Drayson (ref. 80), who broke the spec-

trum into 0. 1 cm™} (about 2 x 10_3 microns) subintervals. In the carbon

dioxide 15 micron band, he considered very small subintervals of 0. 001 cm-l

(about 2 x 10-5 microns) to allow for the variation of transmissivity across
a spectral line. It is impractical to utilize such fine resolution over the
entire 15 micron carbon dioxide band, Honeywell (ref. 49) stated that the

number of spectral subintervals of width 0. 0006 cm—l required to cover the

600-750 cm ™' (13. 33-16. 67 micron) interval would be 250 000,
Curvature of Earth's Surface and Atmosphere

The geometric curvature of the Earth and any surface of constant he_ight in

the atmosphere nearly always exceeds the refractive curvatures of infrared ray
paths. Consequently, it is more important to include geometric curvature than
refraction effects in horizon radiance calculations. A curved Earth and atmos-
phere were incorporated in the models of most investigators. However,
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Drayson (ref. 80) and McArthur ( ref. 58) assumed plane parallel

stratified atmospheres to fix the direction of the height coordinate in order

to simplify the mathematical formulation of slant transmission. Wark, et al.,
( ref. 55) showed that exact radiance values at the Earth's limb are only about
1 percent more precise than an extrapolation from the smaller zenith angles
where the plane parallel approximation is valid.

Division of Atmosphere into Liayers

Levels are defined in the atmosphere to allow the integrals in the radiative
transfer equation to be changed to finite summations with definite limits. This
simplification is done for convenience, since the source function is‘ not written
as an analytical function of transmissivity, the variable of integration.

Kondratiev and Yakushevskaya ( ref. 50) selected pressure intervals of 100
mb from the 1000 mb level (near sea level) to the 100 mb level (about 16 km)
and then chose the 50, 25, 15, 10 and 5 mb levels (about 20, 25, 28, 31, and
36 km, respectively). The corresponding height intervals were about one
km for heights below the 600 mb level (about 4 km), and varied from 1-1/2
to about 5 km for greater heights. They found that when they doubled the
number of altitude intervals, the resulting radiance values changed by not
more than 1-3 percent. The finest spacings were used by Woestman (ref.
51) and Hanel, et al., (ref. 56), who chose height intervals of 0.1 and 0. 05
km, respectively.

The number of height intervals used by different investigators varied con-
siderably. Wexler and Brooks (ref., 52), McGee (ref. 63), Duncan, et al,,
( ref. 53), and Wark, et al., (ref.55) selected 3, 9, 34, 80, and 200 levels,
respectively. Honeywell ( ref. 49) concluded that 60-70 levels are sufficient
to get good results.

The greatest chosen height varied likewise. Kondratiev and Yakushevskaya
( ref. 50) selected their maximum height at the five mb level (about 36 km).
Wark, et al., (ref.55) went up to the 0.1 mb level (about 64 km). Hanel,

et al., (ref. 56) and Honeywell (refs. 11 and 49) went even higher, up to 70
and 90 km, respectively.

TECHNIQUE FOR EVALUATION OF RADIANCE

In the radiative transfer equation, the source function is known in terms of
atmospheric temperature rather than transmissivity, the variable of integra-
tion. Since transmissivity for a spectral interval can be found as a function of
temperature on a slant path, it is possible to change the variable of integration
to temperature before performing the integration ( ref. 55). Whether or not
this transformation is made, the radiance results are inexact due to the use

of different approximate methods of summation ( ref. 64). However, the
errors are not as great as would result from the omission of thin or scat-
tered clouds in clear or opaque cloud models (ref, 55).
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The radiative transfer equation was integrated numerically by a computer in
the methods used by Honeywell (ref. 49) and Wark, et al.,(ref. 55) when trans-
missivity values were obtained directly from tables. On the other hand, the
integration was performed graphically by Burn (ref. 64) and Hanel, et al., (ref.
56). Hanel constructed a radiation chart similar to that of Md&ller (ref. 88).
They found that the radiation chart helped to take into account the Earth's
surface, clouds, and the symmetrical part of the atmosphere farther than the
minimum tangent-height point from the sensor.

Integration of Radiance from the Emitting Layers

There are several ways of representing the particular portion of the total
radiance reaching the sensor from each layer in the atmosphere. As suggested
by Honeywell (ref. 49), it can be designated by a fraction of the total radiance,
by the amount of radiance that came from that layer, or by the change in trans-
missivity from one side of the layer to the other. The latter is a weighting
factor serving as an approximation, which is good only if the emission itself
varies only slightly with emission height (as would be the case in an isothermal
atmosphere).

Although radiance is emitted over a wide range of height, all but a negligible
amount comes from a layer about 400 mb (7 kilometers) in vertical extent
(ref. 60). The emitting layer is entirely in the atmosphere, the major part
being at high levels (ref. 50).

Repetition of Integration for Different Tangent Heights

Horizon radiance is related to the tangent height of the ray in such a com-
plicated manner that it is impractical to express the radiance theoretically

as a continuous analytical function of tangent height. Therefore, it is customary
to compute horizon radiance separately by repeating the integration of the
radiative transfer equation for each of specified individual values of tangent
height. The resolution of the horizon radiance profile increases with a de-
crease in the selected tangent height intervals, or their vertical spacings.

War_'k, etal,, ef. 55) chose 15 values of tangent height to supply 15 values of
r.adlance .for each horizon profile they computed. The tangent height resolu-
tion provided by Honeywell (refs. 11 and 49) called for a five km spacing of
tangent height between -30 and -10 km, two km between -10 and 0 km, one km
between 0 and 50 km, two km between 50 and 60 km, and a five km spacing
between tangent heights of 60 and 80 km.

After this consideration of assumptions and methods, the resulting theoretical

radiance profiles, which will form the subject of the rest of this report, may
be examined.
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RESULTING THEORETICAL RADIANCE PROFILES

CHARACTERISTICS

Limb Effects

Lambert's law prescribes that the intensity of radiance received from a
layer of uniform composition and temperature is independent of the direction
from which it is viewed. If the Earth's atmosphere were homogeneous in
these respects, a sensor in space would note the same amount of radiance
coming from the atmosphere's limb as from lower levels, i.e., there would
be no limb effects. Actually, a decrease of atmospheric temperature with
increasing in height contributes to limb darkening, which means decreasing
radiance for the entire profile, due to the smaller emission at lower tempera-
tures. Limb brightening, for which the radiance reaches a maximum at a
given tangent height and then decreases at greater heights, may be expected
under some conditions, such as when there is an inversion of temperature

( ref. 49) or an increase in the emitting constituent with increase in height.

Most computations of limb effects for the 15 micron spectral region revealed
limb brightening. Both Wark, et al., (ref. 55) and Hanel, et al., (ref. 56)
found limb brightening for all four atmospheric models which they used.
Hanel, et al., found that radiance was quite uniform, but exhibited a maxi-
mum near a tangent height of 20 km. McArthur (ref. 58) found limb
brightening that was definite in summer and small in winter. Both temper-
ate and tropical atmospheres had small brightening according to Burn (ref.
64). The only limb brightening found by Kondratiev and Yakushevskaya
(ref. 50) was for a high altitude when there was a very high cloud cover.
Limb darkening resulted from their calculations for all situations in which
either the latitude or cloud height was low, clear sky being defined as a
cloud at zero height.

Slope of Radiance Profile

The plot of radiance versus tangent height, known as the horizon radiance
profile, has a positive slope only below the level of maximum radiance, which
is characteristic only of cases of limb brightening. At higher tangent heights,
the profile slope is always negative as the radiance approaches zero at the
greatest heights. The negative slope is almost constant. indicating a linear
decrease of radiance, to 55 km according to McArthur (ref. 58); Kondratiev
and Yakushevskaya (ref. 50), however, found that the radiance was more
closely proportional to an exponential function of height, since the profile on
semi-logarithmic paper was almost a straight line. Honeywell (ref. 49) found
that, if the radiances were expressed as fractions of their peak values, the
resulting profiles were quite similar to each other. Wark, et al., (ref. 55) -1
found the most consistent steep profiles at high levels to be in the 650-576 cm
(14. 8-15. 4 micron) spectral subinterval. The greatest negative steepness is
reached at tangent heights of about 10 km (ref. 50); then the profile flattens out
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at greater heights. The region of maximum steepness has been described as

a discontinuity by Hanel, et al., (ref. 56) and as the general boundary of earth-
sky interface by Woestman (ref. 51). In this sense, this portion of the radi-
ance profile assumes the characteristics of a horizon, which will now be

discussed.

The optical limb, or horizon, can be defined in a general way as a level where
some phenomenon associated with the planet appears (ref. 53). This leaves
room for many different definitions. TFor example, a standard horizon has
been defined by Wexler and Brooks (ref. 52) as the height of the -40°C isotherm
of the standard atmosphere. It is more useful to define the horizon such that
its time variations can be included. The horizon is often defined in terms of
the slope of the radiance profile. The inflection point of the radiance profile,
where the negative slope is a maximum, was used by Wexler and Brooks (ref.
52) to define the horizon. Its height varies about one kilometer for every 10°C
change in stratospheric mean temperature, averaged between 18 and 38 km
(ref. 49). An alternative definition places the horizon at the tangent height
where the radiant intensity was 80 percent of the maximum intensity. A more
sophisticated definition by Duncan, et al., (ref, 53) states that the horizon is
the tangent height with the maximum difference between the radiances of two
separate spectral subintervals of the carbon dioxide band.

Maximum Tangent Height of Radiance

Maximum tangent height of radiance can be defined as the tangent height which
the profile curve drops to a radiance so small as to be indistinguishable from
zero on the graph. This maximum height varies considerably between the
results of different investigators. The maximum height is in the neighborhood
of 60 km (ref. 49) and is lower for a cold air column than for a warm one.
Values of 42, 65, 71, and 76 km correspond to models by Kondratiev, et al.,
(ref. 50), Wark, et al., said their 15 micron values was much higher than
that of Kondratiev, et al., because they selected a higher level as the top of
the air column over which they integrated the radiative transfer equation.
Wark, et al., also found by upward extrapolation of other profiles that the
Hanel, et al., (ref. 54) and Oppel, G.E. and Burn J. W. (private communi-
cation to Wark) maximum tangent heights of radiance would be about five km
higher and lower, respectively, than the Wark, et al., value of 65 km.

The Radiance Profile as a Whole

Since there is no simple way of representing analytically the profile of radiance
versus tangent height from theory, Burn (ref. 64) developed an empirical form-
ula for radiance in the following form:

DN f—

N = Ax10% [1+eBZx1074

where A and B are coefficients which assume different constant values for four
different model atmospheres. The formula gave the best fit to computed radi-
ance values in the Arctic winter air mass, which has the smallest amount of
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water vapor, the presumed cause of the discrepancies in the other air mass
models. A more elaborate profile formula of an exponential nature was pre-
sented in Reference 49,

The temperatures, averaged over the range of pressure values corresponding
to a selected range of tangent heights, yield a pressure weighted averaged
defined by Wark, et aL{ref. 55) as the effective temperature. However,
Kondratiev and Yakushevskaya (ref. 60) defined the effective temperature and
pressure as their values at the level where the radiance equals the average
radiance. The existence of this level is prescribed by the mean value theorem.
Kondratiev and Yakushevskaya (ref. 60) prepared a table of effective tempera-
tures and pressures for the whole air column of each of three different air
masses and for each of six intervals one micron wide between 12 and 18 mi-

crons.

VARIATIONS IN RADIANCE PROFILES WITH
INDEPENDENT PARAMETERS

The horizon radiance values which constitute the profiles depend on a great
many parameters. They will be treated individually in this report as if they
were mathematically independent variables in their effects on the dependent
variable, radiance. These parameters in actuality are not strictly indepen-
dent of each other, since they are generally mutually related through physical
laws,

Temperature

Temperature is one of the most important factors affecting radiance. The
Planck function shows that all wavelengths, emission increases as the
temperature increases. It also shows that this increase is less rapid in the
far infrared than in the near infrared due to a temperature increase shifting
the maximum radiation's wavelength, which, by Wien's Displacement Law
is inversely proportional to absolute temperature, away from the far toward
the near infrared.

The effecis of perturbations in temperature and its lapse rate on horizon
radiance profiles were studied by Honeywell (ref. 49). Variations of com-
puted radiance within each of 10 spectral subintervals were artificially
introduced by time changes in atmospheric temperature and its vertical
derivative.

The tropopause, which is defined by the relatively cold boundary between the
troposphere and stratosphere, will affect the horizon radiance profile under
certain conditions. Kondratiev and Yakushevskaya (ref. 50) identified the
tropopause with the bottom of the steep negative slope of their profiles of 12~
18 micron emission. It also appeared as a dip in the radiance profile (ref. 49),
when the subinterval of 600-615 cm~-1 (16, 26-16, 67 microns), characterized
by weak carbon dioxide absorption, was added to the spectral interval of 615-
715 cm-1 (13.99-16. 26 microns), corresponding to strong absorption which
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did not show the tropopause. When clouds are assumed to be at or above the
tropopause, as in the tropical model soundings of Burn (ref. 64) and Hanel,

et al., (ref. 56), they play the role of dominating radiators (ref. 63). They
may increase the radiance at 10 km and decrease it at 0 km (ref. 4). In the
absence of these clouds, McGee (ref, 63) assumed that the Earth will still
appear to be radiating with an effective temperature near the tropopause. In
normal situations where the tropopause lowers with increasing latitude or with
time, there is a downward shift in the tangent heights corresponding to the
maximum negative slope and adjacent features of the radiance profile (ref. 50).
This is particularly pronounced in the case of sudden stratospheric warmings
(refs. 11 and 49), which normally occur in the polar regions in the late winter.
As the pronounced warming patterns descend and move toward lower latitudes,
they cause the radiance profiles to change shape as well as to descend. Their
probable effects would be to stretch the profiles and cause the general level of
radiance values to increase. The disturbance caused by the sudden strato-
spheric warming may last a month or more.

Atmospheric Water Substances

In narrow spectral regions of very intense absorption lines, the radiance pro-
file does not depend on the amount of cloudiness, according to Kondratiev and
Yakushevskaya (ref. 50). For their wavelength interval of 12-18 microns, the
effect of cloudiness diminished the radiance. This effect was noticeable, but
not great, only for clouds in the tropics viewed at low nadir angles (ref. 56),
The profile is flatter for cloudy conditions than for clear skies and clouds,
partly cloudy skies will not disturb the uniformity of the radiance profile (ref.
50). In particular, clouds in the ARDC models will likewise have no effect at
13. 6 microns (ref. 63). Clouds cause scattering, which tends to reduce trans-
mission (ref. 51), but the effect is negligible at 15 microns.

The heights of cloud tops are important (ref. 51) since they relate to the tem-
peratures at which they radiate. Hanel, et al., (ref., 56) Honeywell (ref, 49),
and Kondratiev and Yakushevskaya (ref. 60) studied the effects of cloud tops at
many altitudes in the troposphere. In the Honeywell study, the clouds were
found to have no effects on radiance profiles when the stratification was iso-
thermal, but the effects varied in magnitude for non-isothermal cases. Kon-
dratiev and Yakushevskaya found that the radiance profile was somewhat flatter
for cloud tops at nine km than those at three km. McArthur (ref. 58) found
that the emissivity in the 14-16 micron region became unity at 20 km, which
is significantly above the normal cloud top level. If this is true, clouds will
have no effect at all on the radiance profile.

Water vapor diminishes transmissivity by absorption, particularly in portions
of the spectrum where the carbon dioxide absorption is weak. It also tends to
flatten radiance profiles near the horizon, but this effect is negligible in the
15 micron carbon dioxide band (ref. 50).

Consequently, water substances play a minor role, compared with temperature,
in the narrow region of the spectrum around 15 microns.
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Circulation (Atmospheric Wind and Pressure)

Honeywell (ref. 89) studied the relationship between horizon radiance profiles
and the circulation parameters, jet stream (wind parameters) and trough and
ridge (pressure parameters). No correlation between profile variations and
circulation parameter variations could be found.

Spatial Parameters

Latitude and geographical variations were considered by most investigators,
who included polar, temperature, and tropical air mass models. Kondratiev
and Yakushevskaya (ref. 50) found that the differences between radiance pro-
files for the equator and 65° latitude were comparable with the differences be-
tween profiles for clear skies and cloud tops at three km, but less than the
differences between clear skies and cloud tops at nine km. The radiance at

65° latitude generally exceeded that at 0°, but limb darkening at 65° was less

at the equator. Kondratiev and Yakushevskaya (ref.60) reported that the effects
of latitude variations were smaller than the effects of seasonal variations at
middle latitudes. McArthur (ref. 58) noted that the radiance varied markedly
with latitude, increasing poleward in summer and equatorward in winter. The
latitude effects operate through variations in high-level temperature lapse rates
and in the height of the top of the atmosphere (defined by an isobaric surface of
low pressure), which is higher over warmer air columns than cold air columns,
(ref. 49).

Other spatial variables were introduced by the view of the sensor, namely, the
azimuth toward which it is pointed and the angular radius of the cone which it
detected. Since meteorological conditions are assumed to vary more in latitude
than longitude, a variable-azimuth scan is assumed to show differences between
north and south facings, but not east and west facings. Azimuthal uniformity

for the sensor was assumed by Hanel, et al.(ref. 54), Kondratiev and Yakushev-
skaya (ref. 50) took latitudinal asymmetry into account for the view of a sensor
looking north and south from a single location.

The effect of sensing over a circular area 3° in diameter is that the intensities
of different magnitudes are averaged. The result is that the radiance profile
of averaged values is flattened, particularly near the horizon, where large con-
trasts in intensity are present within the field of view (ref. 50). Since the
Tiros VII radiometer sights over a 5° field of view, its measurements are not
comparable with theoretical narrow rays (refs. 55 and 58),and cannot be used
for direct checking of the computed radiances.

Time Parameters

The principal regular time variables are the annual (seasonal) and diurnal
cycles. Most time variations have to be classed as irregular.

The annual variations of radiance profiles were obtained by most investigators
(refs. 50, 53, 56, 58,and 64) by use of the extreme seasons represented by
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January and July. An improvement was made by Honeywell (refs. 11, 49, 90,
91, and 89) which introduced all four seasons represented by eight synoptic
situations over a wide geographic area. It was noted that changes between the
winter and summer half years occurred near the equinoxes, when latitudinal
regularity of horizontal temperature gradients breaks down and the tempera-
ture patterns become weak.

Diurnal variations were studied by Honeywell (ref. 89), McArthur (ref. 58),
and Oppel and Pearson (ref. 54). Only small effects were noted by Honeywell.
McArthur established the phase of the diurnal variation radiance at 20, 30,

40 and 55 km as giving maximum and minimum radiances at 1400 and 0200
local time, respectively. The amplitude of the variation diminished with in-
creasing altitude above 30 km, primarily because the radiance itself dimin-
ished with increasing height.

Irregular time variations are best exemplified by the explosive warmings of
the polar stratosphere in winter. The resulting large temporal variations
have been studied by Duncan, et al., (ref. 53). Hanel, et al., (ref. 56) and
McArthur (ref. 58) both noted parameters not subject to irregular variations:
the Arctic winter radiance and the carbon dioxide concentration, respectively.

Wavelengths (Or Wave Numbers)

The variations in wavelength were too wide in some cases (refs. 55 and 60) to
apply to this study. The character of the 12-18 micron radiance profile of
Kondratiev and Yakushevskaya (ref. 60) was significantly different from the
14-16 micron radiance, because the former received emission from much
lower in the atmosphere, where there were variable meteorological influences.
Wark, et al., (ref. 55) covered wavelengths longer than 4.29 microns, where
there were tremendous variations with change of wavelength. Earle (ref. 87)
justified the use of the 15 micron band in preference to other carbon dioxide
and water vapor bands in the infrared: 2.7 microns of HZO and COz, 4.3

microns of COZ’ 6.3microns of HZO, and 20-40 microns of HZO' The com-
parisons made between subintervals of the 15 micron CO, band by Honeywell

(ref. 49), were useful in defining the best limits to pick for the whold interval
encompassing the band.
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EXPERIMENTAL PROGRAMS
INTRODUCTION

Several experimental programs measuring the infrared radiation from the
earth have been conducted. Although few programs have actually made mea-
surements directly on the Earth's 15, COg horizon, all of these programs
have contributed to the total knowledge of the COg radiation mechanisms. Hor-
izon sensors were first flown in 1958, As problems with erratic operation de-
veloped, interest in making measurements on the infrared horizon increased.

NASA/Langley Research Center (LRC) started the D-61 program in 1961 to
examine various infrared spectral regions. This program, only partially
successful, showed that the horizon profiles shape and altitude varied con-
siderably with spectral region, Lockheed conducted the IRATE program
under Air Force sponsorship in 1962, This program made measurements in
five spectral bands including the 14-16u band and showed the improvements
possible in horizon sensing from this band. Also in 1962, Eastman Kodak
under Air Force sponsorship flew a radiometer system to make comparative
measurements on three u, two u, and one u bandwidths centered around 15 u,
The narrowest bandwidth showed the least variations. In June, 1963, the
Tiros VII weather satellite was launched by NASA/Goddard Space Flight
Center (GSFC). Included in the payload was a five-channel, medium resolu-
tion infrared radiometer, one channel of which responded to the 14.8 to 15. 5u
region, Although noise problems and field of view considerations did not allow
horizon shape analysis, analysis of the long term variations of radiance in the
15u band was accomplished because of the satellite's long lifetime. NASA/LRC
is operating a continuing program using the X-15 aircraft to carry radiometers
to altitudes sufficient for making horizon radiance measurements. This pro-
gram, although limited in spectral interval and quantity, has provided the
highest resolution and spatial positioning measurements on infrared horizon
profiles to date. The Nimbus II weather satellite launched in May, 1966, by
NASA/GSFC had a five-channel radiometer, similar to the Tiros VII vehicle,
with one channel responding in the 14 to 16u band. Resolution and scan rates
limit horizon shape analysis; however, the high quality and quantity of the

data does allow for analysis of many short term variations in the CO2 peak
radiance,

Measurements on infrared radiance of the atmosphere including the 15u band
have been made from both ground and balloon-borne systems. Although these
systems are not capable of making measurements similar to what satellites
would see, they do provide confirmation of radiance models and input data
and insight into the possible radiance variations which a satellite would see.

Some insight to the variations of the infrared horizon can be attained by direct-
ly examining recorded horizon sensor data from satellites. In most cases,
satellites using horizon sensors for attitude control have no other device for
determining attitude. Thus, it is usually only possible to say that a variation
has occurred, not what its magnitude or precise cause was.
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No system in a satellite has yet been flown which made high resolution, high
spatial accuracy measurements on the 14 to 16u horizon of the Earth. To

reach the ultimate attitude measurement accuracies of horizon sensors, it

is essential that a program to measure the variations in the CO9 horizon be
conducted. The Scanner rocket probe, sponsored by Langley Research Center,
launched in August, 1966, will provide a high horizon resolution [field of view
(FOV) 0.025° by 0. 10°]and a high spatial position accuracy (2 km) of the 14 to
16 phorizon. However, since this program is scheduled to consist of only three
ballistic flights from Wallops Island, Va., the analysis of variations of the
horizon from this data will be limited.

It should be pointed out here that in reading this section it may erroneously

appear that the programs were not successful because complete information
on the 14 to 16u band was not obtained. In most cases their objectives were
not COg9 horizon measurements, and information in this area is a by-product

of their principle objectives.

D-61

The D-61 program was initiated by Langley Research Center in 1961 to make
observations on the Earth's horizon in various spectral regions. Using a
radiometer measuring four spectral intervals along the same line of sight
comparative measurements of the radiance profile shapes and positions were
planned. The vehicle was launched on ballistic trajectories to altitudes of
600 km from Wallops Island, Virginia. A total of three flights were made;
however, only the first flight produced data. Flight 1 was made November 17,
1961, and is reported in Reference 92. Flight 2 was made in 1963; telemetry
failed 29 seconds after launch, and no data was obtained. The third and last
flight of the series, early 1966, had staging problems and was also not success-
ful,

Flight 1 had problems that partially destroyed its usefulness for analysis of
horizon variations. Spun up to 600 rpm during launch, a despin mechanism
spun the vehicle down only to 400 rpm rather than the design goal of 40 rpm.
This made it impossible to make accurate attitude measurements, and the
horizon gradients could not be positioned with respect to the solid earth.

The spectral bands covered in this experiment were the near infrared (0.75

to 3.0 ), visible (0.29 to 1.0u), uliravielet (0.23 to 0.29u), and the far
infrared (1.8 to 25u). The radiometer characteristics are given in Table 11
and the filter response curves are shown in Figures 27 and 28. A sample of
the telemetered radiometer outputs is shown in Figure 29. Clouds tended to
appear in all bands but with different spatial dimensions, indicating that diff-
erent depths into the atmosphere are examined with each channel,

The peak radiance in the ultraviolet band of the horizon profile occurs high in

the atmosphere, nominally 50 to 60 km., Although the magnitude of the peak
varies considerably with sun angle, the altitude of the peak may be stable.
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This program was the first work by LRC to make precision horizon measure-
ments in the infrared region. Some indications of clouds and temperature
gradients as a function of latitude were observed in the far infrared channel.
It can be seen from Figure 29 that the horizon position shifts with different
spectral intervals. Little information on the characteristics of the 14 to 16
CO9 horizon can be deduced from this program.

TABLE 11. - D-61 RADIOMETER CHARACTERISTICS

care®

Ultraviolet Visable Near infrared |Far infrared
Spectral 0.23u to 0.29u | 0.29u to 1.0 | 0. 75u to 3.0u |1.8u to 254
band
Focal length 25.4 cm 25,4 cm 25.4 cm 7. 60 cm
Aperture 7. 60-cm 7. 60-cm 7.60-cm 7. 60-cm
diameter diameter diameter diameter
Detector Photomultiplier PbS PbS Thermistor
(1mm byl mm)| (1 mmby1lmm)| bnlometer
(I mmby 1 mm)
Filter Composite Color filter Color filter Germanium
filter (a) (2. 54 mm) (2. 54 mm) (1 mm)
Channel time < 0. 0003 sec <0, 0003 sec <0,0003 sec 0. 001 sec
constant
Field of view| 0.22° by 0.22° 0.22° by 0.22°| 0.22° by 0.22°] 0. 75 by 0. 75
& Contains NiSO4. 6H20 (8 mm), Polyvinyl alcohol incorporating cation X,
ultraviolet transmitting color filter (3 mm), and quartz (6 mm).

IRATE

The IRATE program conducted by Lockheed Missiles and Space Corp. (LMSC)
for AF/SSD was the first orbital program to actually make measurements in
the 14-16u band.

The objectives of the program were to make comparative measurements of the
Earth' s horizon radiance in five spectral bands in the infrared to provide a basis
for horizon sensor design and to obtain information on the relative levels of
earth or meteorological noise for the various bands used. To make the meas-
urements, five horizon sensors scanning on the same line of sight on the

horizon were flown on a Discoverer satellite in July of 1962. The complete

set of data obtained is described in Reference 93, The datatakenprovides an
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effective argument that the 14 to 16 p CO2 band is a more stable band for

horizon sensing than the 5 to 18, 12.5 to 18, 15 to 18, or 15 to 35 p bands.
In essentially all cases, the 14 to 16 1. spectral band showed a lower percent-

age of horizon anomalies and in addition a smaller temperature range of
variation.

The characteristics of the horizon sensors are given in Table 12. The optical
filter characteristics of the 14 to 16 p band are shown in Figure 30. Unfor-
tunately, the scan rate and field of view were such that definition of the true
shape of the horizon could not be done. Conical scanning sensors were operated
at 25 cps with a field of view of 4.77° x 0.97°. Small anomalies or horizon
variations are effectively integrated out by this FOV. The detector time con-
stant was 1.8 milliseconds. At the nominal altitude the CO9 horizon was
scanned in approximately 1 millisecond. The detector response was too slow
to provide an accurate reproduction of the horizon shape. For this reason
analysis of the data has been restricted primarily to comparisons between
channels and magnitudes of the Earth's disc readings.

Examples of the sensor outputs, reproduced from Reference 93, are shown in
Figures 31 and 32. Figure 31 shows the sensor outputs for essentially a
""no-cloud" condition, while Figure 32 shows the outputs with a severe cloud
effect on the trailing edge of the scan. It may be seen that clouds have much
less effect on the 14 to 16p sensor than on the other sensors. System noise
varied considerably with time, Its amplitude can be determined by observing
the space portion of the scan. On the 14 to 16 channel, careful examination

is required to separate actual cloud effects from the noise. Much of the ran-
dom noise was removed by averaging several cycles of the wave forms. From
the smoothed outputs, examples of which are shown in Figure 33, it was then
possible to define an average peak temperature or radiance and a dropout
(anomaly) term. Dropout is defined as the percentage loss of energy of the
peak value of radiance. Dropout is attributed primarily to high clouds, although
other atmospheric anomalies may cause similar effects. The comparative ef-
fects of clouds on the spectral intervals can be examined using the dropout term.

Some analysis of the data and comparison to computed radiance models are
given by Bradfield (ref. 93) and Burn (ref. 94). Comparison of measured to
computed variation of radiance in the 14 to 16 . band shows good agreement.
The analysis consists of comparing anomalies in the 14 to 16 p band channel
with the "reference" 5 to 18 p channel. The latter channel provides a rough
indication of the extent of cloudiness in the atmosphere. Only statistical in-
formation on number of occurrences can be derived since cloud heights and
spatial dimensions cannot be obtained.

A summary chart in Figure 34 shows the percent of samples with dropout by
channel and the magnitude of the anomaly. This chart was obtained in private
correspondence with R, Fowler of Ithaco, Inc. It shows clearly the improve~
ment in reducing cloud effects by narrowing the spectral response.

Data taking for the flight was limited to areas over five tracking stations and a
total of 57 acquisitions during a time period of 95 orbits (approximately six
days). No recording of data on the vehicle was done., The five stations were
Vandenburg AFB, California; New Hampshire; Hawaii; Kodiak, Alaska; and
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TABLE 12. -IRATE HORIZON SENSOR CHARACTERISTICS
_[From ref. 93]

1. Field of view
4,77° x .97° (5-18p, 12.5-18p, 14-16p, 15-18u)
1/2° x 1/8° (15-35u)

2. Preamplifier gain at 25°C

5-18p 475
15-18u 1667
12,5-18n 1400
14-16p 1667
15-35u 10 000

3. Bolometer (+25°C)
Resistance 54k ohms *15 percent
Responsivity 100V /watt minimum
NEP 2x 10_9 at 100 cps
Time constant 1.8 £ 0.3 milliseconds
Flake material No. 2
Size 0.5 MM x 0.1 MM
Coating 15u peaked anti-reflective

(no coating for 15-35)

Bias +17.1 Vdc
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i ine i ture gradients as
Ascension Island. To determine if there were any tempera
a function of latitude, the data for the 14 to 16 spec.tral band from each sta-
tion was separated out and averaged. This is shown in Tabl'e 13. The latltud.es
iven are those of the tracking stations and only roughly estimate the true lati-

tude of the sensor view point.

TABLE 13. - IRATE 14 TO 16 u« DATA AS A
FUNCTION OF LATITUDE

 Tracking Station Latitude Ten;g‘; rgaemre Average | % dropout
Ascension Island 8° S 215-220° K 216°K 9.5%
Hawaii 22° N 215-230° K 221°K 47%
Vandenburg 34° N 215~-235° K 221°K 199
New Hampshire 43° N 210-230° K 220°K 64%
Kodiak, Alaska 58° N 215-230° K 219°K 479

No gradient of significance is apparent from the averages although the average
for Ascension Island is lower than the other stations. According to data from
Tiros VII, Eastman Kodak, and Nimbus II, which are described in this report,
a strong seasonal or latitude temperature gradient should occur. It is poss-
ible with the limited quantities of data that local weather variations tended to
mask out the latitude variation.

The percentage dropout by station varies considerably. This is reasonable in
that clouds, if in an area, may remain for a good fraction of a six-day flight
time. For example, it appears that clear weather prevailed over Ascension
Island throughout the flight. Predominantly clear weather over Vandenburg
AFB is indicated since only on orbit 94 was there any significant dropout there.
For cases with anomalies, 96 percent of the readings in the 14 to 16
spectral band showed a lower percentage of anomaly than any of the other
spectral bands measured.

The program showed that the 14 to 16 p CO2 band has significant advantages

over the other four spectral bands measured. The 14 to 16 .p. band still showed
that 39 percent of the samples taken contained some anomalies. The measur.'ed
temperature spread was 210°K to 235K, but the flight was of too short duration
to consider these as true maximum values. In addlthn, too 11tt}e _data was
taken to observe significant temperature gradients, diurnal variations, etc.

EASTMAN KODAK

i i i Eastman Kodak was
In December, 1962, a radiometric system designed by‘ .
flown to make comparative measurements of spectral intervals in the 14 to 16u
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region and to verify uniformity of the radiant emittance in the CO2 band. De-

tails of the system and data analysis are given in References 57 and 95. The
flight was of short duration, recording data for approximately two days, over
latitudes between 65°N and 65°S. Although true horizon shape and position
could not be determined because of a poor signal-to-noise ratio and vehicle
attitude uncertainties, comparisons between channels and gradient measure-
ments on the peak amplitude at the horizon could be made.

The radiometric system consisted of two radiometers with each having two
channels. The system characteristics are shown in Table 14. Radiometer A
consisted of a one micron channel and a two micron channel. Radiometer B
had a three micron channel and a two micron channel similar to A. The sy~
stem spectral response for each of the channels is shown in Figure 35 and
was measured across the spectral range of 2 to 24 microns. The curves are
shown as a function of optical density which is defined as equal to

1
1og10 transparency.

The angular position of the Earth's horizon could not be determined accurately
from this system because of uncertainty of the vehicle attitude. A precise
attitude reference other than horizon sensing itself was not available to the
experimenters.

Two problems associated with the vehicle caused difficulties and degrading of
the data. The radiometer system was installed on the vehicle two days prior
to launch and could not be checked out or recalibrated during that time. The
vehicle was launched into a highly elliptical orbit at low altitude such that
significant aerodynamic heating was observed at perigee. New calibration
curves had to be estimated to correct for the large range of radiometer tem-
peratures encountered.

Examples of the radiometer outputs showing effects of clouds are given in
Figure 36. From this figure it can be seen that little information on horizon
shapes can be derived from the data .

Comparisons of the three bandwidths showed that the narrower channels were
least susceptible to signal anomalies (short term decreases in radiant emit-
tance). From an examination of the response characteristics all of the chan-
nels cut off sharply at 13.6 to 14.0 p. The variation in response occurs prin-
cipally on the long wavelength side with the two and three p channels expand-
ing toward the water vapor band. Assuming the anomalies are due to high
clouds on the horizon it would be expected that the three . channel would show
more dropout than the two p channel and the two p channel more than the one w
channel, Measurable anomalies occurred on none of the one p data, 20 per-
cent of the two i data, and 40 percent of the three micron data. Attempts
made to correlate the anomalies with Tiros cloud data met with inconclusive
results. Some correlation of anomalies with geographical features, such as
continental coastlines, the Japanese Current, the Gulf Stream, etc. was ob-
served. In most cases, the correlation was probably due to clouds which, on
the average, tend to build up along the edges of these features.
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(41) 8

TABLE 14.- KODAK SYSTEM PARAMETERS

Spectral band
Top of scan
Bottom of scan
Commutator
samples per scan
Scan time

Direction of view

Field of view

Radiometer A

Radiometer B

1 micron 2 microns 3 microns 2 microns
14.0-15. 2p 13.7-15,.6pn 13.6-16. 5u 13.7-15, 6
79, 5° 84.0° 79.5° 84, 0°
63.5° 68.0° 64, 0° 68.5°
147 128 48 48
6.1 sec. 5. 25 sec.

Side Forward
0.2°x 2,0° 0.2°x 2.0°
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The peak radiance at the horizon plotted as a function of latitude in Figure 37
shows a significant gradient running from a minimum at the winter pole to a
maximum at the summer pole. From the relatively small samples of data ob-
tained here, the peak radiance increase from 65°N to 65°S latitude ranged
from 10 to 20 percent of the mean radiance for each channel. This is a lower
gradient than is commonly predicted in previous literature; however, it is ap-
proximately the same as was observed on Tiros VII (described in Tiros sub-
section) for winter in the Northern Hemisphere. The data was averaged in-
dependently of longitude thus removing the maximum gradients and showing
the average gradient which can be expected. A relative minimum of radiance
occurred near the equator to 20°S latitude, As can be seen in the Nimbus II
data (described in Nimbus subsection), extensive high clouds in the inter-
tropical convergence zone would tend to enhance this minimum when the data
is averaged. In December, this zone would be in the 0° to 20°S latitude band,

No diurnal effect in peak radiance was noted from this experiment. Measured
values between £40° latitude were separated into day-night readings and
averaged. With the amplitude resolution not better than 10 percent, it is very
reasonable that diurnal effects were not observed. According to McArthur,
(ref. 58) the maximum diurnal variation should not be greater than 10 percent
of peak radiance, and with averaging as done here the variation would have
been less than 5 percent.

TIROS

The Tiros series of weather satellites have contributed a significant quantity
of data on the infrared radiation of the earth. Tiros II, III, IV, and VII all
had medium resolution infrared radiometers (MRIR) as part of their payload
along with the TV cameras in the visible region of the spectrum. '

The MRIR responds to radiation in five different spectral regions. Three of
the channels respond to emitted thermal radiation, and the other two channels
respond to reflected solar radiation. The nominal wavelength intervals, their
useful data lifetimes,and the launch dates for each satellite are shown in
Table 15,

Tiros VII data is of principal interest to horizon sensing in that a channel was
included to make measurements in the CO2 absorption region and that its

life -time was of sufficient length to examine seasonal variations in radiance.
Tiros VII was launched June 19, 1963 from the Eastern Test Range with an
angle of inclination of 58. 2°. Its mean perigee and apogee altitudes respective-
ly were 622 km and 648 km. Details of the MRIR experiment including cali-
brations and response characteristics for each channel are given in Reference
91. The response characteristic for the 15u channel is reproduced here in
Figure 38.
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TABLE 15, - NOMINAL WAVELENGTH INTERVALS OF TIROS RADIOMETER

Satellite
Nominal wavelength interval Tiros I | Tiros III | Tiros IV | Tiros VII
11/23/60 7/12/61 2/8/62 6/19/63
6-6.5 1 (H,O absorption) X(1) X(1) X(5)
8-12 n (atmospheric window) X(5) X(2) X(5) X(17)
8-30 p (long-wave radiation) X(1) X(1) X(8)
14.8-15.5 (CO2 absorption) X(17)
0.2-6 p (reflected solar radiation) X(0) X(2) X(5) X
0.55-0.75 p (reflected solar X(0) X(1) X(5) X

radiation in the visible)

The X's indicate channels which were included on each radiometer.
The numbers in parentheses indicate months of usable data.




30

N
o

[
o

Effective spectral response, B 5 o

13 14 15 16

Wave length, microns

Figure 38. The Effective Spectral Response of Tiros VII 15u
Channel Versus Wavelength
[From Ref. 96]

108

17



!

e

<

Data from the MRIR is stored on the spacecraft on an endless loop magnetic

tape with space for 100 minutes of storage. Because of the storage limit, data
was lost on orbits where no contact with ground data acquisition stations could
be made. In addition, data obtained in the vicinity of the tracking stations were
sparse because no data recording was done during playback to the ground.

The Earth's geographical area for which data were obtained is limited primarily
to the area between 60°N and 60° S latitude because of the 58. 2° inclination of

the orbit plane. Three data acquisition stations were used: Fairbanks, Alaska;

San Nicolas Island, Cal.; and Wallops Island, Va. Because only three
stations were used and limited data storage was available on the spacecraft,
data was sparse in two areas located at approximately 90° East and West
longitude. The general area of data coverage is shown by the dashed lines
in Figures 39 through 46. Small quantities of data at relatively high angles
to the nadir are obtained outside the lines.

The Tiros vehicle is spin stabilized at a nominal six rpm. The MRIR optical
axis is inclined 45° to the spin axis and has two viewing ports. When one
optic views the Earth, the other optic views space. Chopping between the
ports provides an output signal proportional to the difference in radiance
viewed in the two directions. The radiometer scan pattern on the surface of
the Earth is defined by the intersection of a 45° half-angle cone and a sphere,.
The pattern ranges from a circle to two hyperbola-like branches., Uncertain-
ties in attitude lead to errors of from 1° to 2°, Viewing vertically downward
(nadir angle = 0°), this correspondstoless than 20 miles position error but
viewing toward the horizon this corresponds to position errors on the order
of 200 miles. The field-of-view of the Tiros radiometer is approximately

5° at the 1/2 power points. Viewing vertically downward, the spatial resolu-
tion of the radiometer is approximately 55 kin, Because of the attitude errors
and the wide field-of-view, very little information on the true shape or posi-
tion of the Earth's horizon can be obtained from the Tiros VII data. The in-
formation is primarily limited to measurements of radiance from the disk of
the Earth within 40° of the nadir angle. Assuming no limb brightening or
darkening, these measurements correspond to peak amplitudes of the horizon
profiles. In general, the variations in the disk measurements should be
similar to the variations in the peak amplitudes at the horizon.

The output of the 15u channel is calibrated in terms of the temperature in
degrees Kelvin of a black body filling the field-of-view of the radiometer.

The techniques for deriving effective radiant emittance or radiance from the
temperature values is described by Nordberg, Bandeen, Warnecke, and

Kunde (ref. 97). Several changes in calibration have occurred for the 15u data
during the course of the flight due to electronic degradation and other unknown
occurrences. After applying the known corrections, estimated short term
relative accuracy of the temperature measurements are + 2°K and absolute
accuracy decreases linearly from +7°K at launch (June 19, 1963) to +12°K

by 30 September 1964,
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Because of the relatively high error associated with individual readings, con-
siderable averaging is required to extract useful information from the data.
Short term effects, such as diurnal variations, thunderstorms, etc. cannot
be analyzed in good detail.

Bandeen, Conrath, and Hanel (ref. 98) showed oscillograms of individual
scans of the Tiros VII radiometer which compared the outputs of the channels.
These are reproduced in Figures 47 and 48. The line of sight was the same
for all channels, thus, comparison of effects on the channels can be easily
made. It can be seen from the data that noise and resolution tend to limit any
deductions on horizon effects in the 15y band. Within the noise level, no
effects of clouds can be seen on individual scans in the 15p channel in Figure
47. From the temperatures given for the 8 to 12p. channel the clouds must
have been above 10 kmm. Several attempts were made to correlate the 15p
CO2 channel with the 8 to 12 window channel for a number of locations and

times to determine cloud effects in the 15n channel. (@) No correlation was
obtained; thus, the conclusion was that cloud effects were below the noise
level for this experiment.

Nordberg, et al., at GSFC have done considerable analysis on long term
variations appearing in the 15 p data from Tiros VII (ref. 97). The Earth's
area sampled by Tiros VII was divided into a grid with cells of approximately
900 x 500 km dimensions. The measurements in each cell were averaged
for one week (approximately 1000 measurements) to determine the average
temperature of that cell. Isotherm maps were then drawn for the quasi-globe
sampled by Tiros VII for several weeks from June 1963 to March 1964,
Several of these maps are reproduced here in Figures 39 through 46. With
this averaging out of random fluctuations, the precision of each temperature
measurement is better than 1°K; however, systematic errors due to instru-
ment degradation make the absolute accuracy considerably poorer than 1°K,
The series of maps show seasonal variations and the general gradients in
temperature as a function of latitude and longitude. Good descriptions of the
seasonal or latitude gradients, the Aleutian Anticyclone effect, and an ob-
served stratospheric sudden warming are given by Nordberg, et al., (ref. 97).

Since the preceding report was published, complete maps, drawn with higher
resolution, more accuracy, and degradation corrections using 10-day averages
at five-day intervals, have been made up for the Tiros VII 15u band for its
useful lifetime from June 1963 to October 1964, In private communications
with W. Bandeen and J. Kennedy, four of the maps for July 1963; Sept. 1963;
Jan. 1964; and March 1964 were obtained and are printed here in Figures 49
through 52, Summer hemisphere (Figures 49 and 51) isotherms run uni-
formly independently of longitude and have been noted to do so in all of the
maps drawn, Temperature gradients as a function of latitude are very small
at all times of the year in the region +20° about the equator. Temperature
gradients at the peak in the summer hemisphere from 20° latitude to 60° latitude

8 private communication from W. Bandeen and J. Kennedy, Goddard Space
Flight Center, Greenbelt, Maryland.
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is approximately 1. 4°K per 10° latitude. Temperature gradients in spring and
fall (Figures 50 and 52) are very small and appear to be quite random. Iso-
therms in the Northern Hemisphere winter (Figure 51) are strongly influenced
by the warm Aleutian Anticyclone. Indications are that the Aleutian Anti-
cyclone occurs almost every winter, but its intensity and exact location varies
considerably, which causes the isotherm shapes and positions to be quite unpre-
dictable. The Southern Hemisphere winter shown in Figure 49 has better uni-
formity of isotherms than the Northern Hemisphere winter. However, in ex-
amining all of the maps, it is noted that a warm region over the Southeastern
Indian Ocean acted similarly to the Aleutian Anticyclone and tended to distort
the isotherms away from latitude lines throughout the winter. From the maps,
it appears that summer long term temperatures (radiance) are predictable by
latitude primarily. Long term temperatures for winter are not as predictable
since relatively short term events such as movements of the Aleutian Anti-
cyclone and stratospheric sudden warmings can cause large shifts in the iso-
therm patterns. Some geographical features, such as cooler areas over the
AmazonValley and warmer areas over the Sahara Desert, tend to appear
through the averaging. More observations will be necessary for verification
if the gradients and variations observed during 1963-1964 repeat, as well as
how they repeat.

Some analysis on short term variations in the Tiros VII 15 data was done by
Aracon Geophysics Division of Allied Research Associates, Inc. (ref. 2). Spa-
tial averaging over 2. 5° by 2. 5° areas on the Earth of data taken on the same
orbit was used. Several examples are displayed showing that the 15¢ channel
averaged by this technique does show small cloud effects and short term
weather patterns. Comparisons are made using conventional weather analysis
and the Tiros VII 8 to 12u channel. From the 8to 12p data, cloud top tem-
peratures are determined. With the cloud top temperature and an atmospheric
temperature profile, the cloud heights are approximated. For clouds filling
the radiometer field of view, decreases in temperature of 1 to 4 °’K should
occur for clouds at 8 to 12 km. Effects of this order of magnitude were
observed in the data. Only relative temperature patterns can be attained in
this manner. Absolute temperature errors are of the same order as these
variations.

LRC X-156

As part of Langley Research Center's horizon definition program, the X-15
airplane is being used as a vehicle to carry radiometers to the required alti-
tudes for making meaningful Earth horizon measurements. This system,
while having very limited coverage and output, is fulfilling its objectives of
providing high resolution and high spatial position accuracy measurements on
the horizon profile in several spectral bands at low cost with re-useable hard-
ware. General descriptions of the program and data are given by Jalink
(refs. 99 and 100).
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The horizon definition experiment is essentially a piggyback payload on the
primary X-15 experimental program. Little choice is allowed in time of
flight or area of coverage. Flights are always roughly in a line along a path
from Great Salt L.ake, Utah, to Edwards AFB, California. A B-52 carries
the X~-15 from Edwards AFB to approximately 2/3 of the way to Salt Lake
City where it is launched and returns to Edwards. The radiometer looks
directly out the tail of the plane and scans the horizon in back of the vehicle
from approximately Great Salt Lake to close to Edwards AFB., Data is taken
while the plane is in the parabolic part of its trajectory.

A maximum of 20 complete profiles are obtained on a specific flight. Altitude
of the vehicle changes very little during the data taking sequence and varies
from 50 to 75 km depending on the particular flight profile. The profiles in
the spectral intervals here observed are essentially the same as would be
seen by a satellite since more than 99, 9 percent of the atmosphere is below

50 km.

Good weather analysis is available with each flight. In addition, a Milliken
movie camera is mounted alongside the radiometer to take visual pictures of
the horizon. With model atmospheres generated from this data, theoretical
horizon profiles are computed and compared to the measured data. Unfor-
tunately, for analyzing cloud effects on the horizon profiles, weather
conditions have to be good in the plane's trajectory or the flight doesn't take
place. Thus, in most cases, weather conditions are good (cloudless),
although in some cases the horizon being scanned may have clouds.

High accuracy attitude data is supplied from a stable platform on the X-15
with position data supplied by ground tracking radar. A total system error
analysis (ref. 99) indicates a tangent height accuracy for each measurement
of +1. 87 km. The field-of-view of the radiometer is 0.13° x 0,13°, which
provides a resolution of approximately 2 km at the tangent point. The radio-~
meter characteristics are given in Table 16. In a system of this type, both
pre- and post-flight calibration checks can be made and were. The data
shown have been corrected for calibration biases and known errors. Both
space to earth and earth fo space profiles are obtained with the scanning
technique used. Differences in the profiles occur due to response character-
istics of the bolometer and amplifiers. Only space to Earth profiles are used,
and these have been corrected for the response time errors.

A total of four flights have been made with this system. The first flight was
made July 8, 1964, using a 0.8 to 2.8 u filter on the radiometer. The boun-
dary of all data taken, the average of all data, a typical measured curve, and
the theoretical curve are shown on the graph in Figure 53, Cirrus and alto-
cumulus clouds at altitudes up to 10 km appeared clearly on the radiometer
data. The observing altitude for this flight was 52 k. Reasons for the de-
viations from the theoretical curve are explained by Jalink (ref. 99). The
radiance values shown on the curves here and in the reference have not been
corrected for filter and detector responses. To obtain absolute radiance
values, these must be included.
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TABLE 16.

- X-15 RADIOMETER CHARACTERISTICS

Spectral region

Aperture
Focal length
Field of view
Scan angle

Filter

Detector

Time constant

0.8 to 2. 8u

12,7 cm

12,7 cm

0.13° by 0.13°
30°

Color filter
3 mm

PbS
0.3 mm by 0.3 mm

2.4x10 "
21/ 2

watt-

(cps)

3.5% 1073 sec

10p to 14p

12,7 cm

12,7 em

0.13° by 0.13°
30°

Interference
and absorption

Thermistor
bolometer
0.3 mm by 0.3 mm

3.4x1078
“1/2

watt-

(cps)

3.5x 10_3 sec

140 to 20u

12,7 ecm

12,7 em

0.13° by 0,13°
30°

Interference
and absorption

Thermistor
bolometer
0.3 mm by 0.3 mm

2.5x107% watt-

(cps)_llz

3.1x 10_3 sec

The second flight was made in May, 1965, using a 10 to 14 p filter on the ra-

diometer.

were correspondingly very smooth as shown in Figure 54.
primarily a window region as can be seen by the low altitude at which the

steep part of the profile occurs.

The data were taken on a very clear day and the radiance profiles

This region is

If clouds had been present in the field of

view, they would have had a major effect on the profile shapes.

The third flight was made June 29, 1965 using a 14 to 20 u filter on the radio-

meter.

The detector and optical filter response curves are shown in Figures

55 and 56, respectively. The altitude at data taking was approximately 75 km.
A total of eight profiles were obtained on this flight and are shown in Figure

57.

Profiles for this spectral region show an interesting double horizon.

Above 20 km, the radiance is predominantly due to CO9 emitting in the 14 to

16 p region.

water vapor emission in the 16 to 20 p region.
average of all data, and the theoretical curve are shown in Figure 58.

The second horizon centered at approximately 10 km is due to
The boundary of all data,

Consi-

dering that the tangent height accuracy of the system is +3. 7 km (20), the pro-
files show a high degree of stability. The weather during this flight was

essentially cloudless.

desert.
COy region.
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Terrain varied from high desert to mountains to low
The experimental profiles fit the theoretical curve very well in the
An unexplained discrepancy occurs in the water vapor region.
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A fourth flight made in October, 1965, also covered the 14 to 20 u region. k
Due to difficulties on the plane, attitude could not be determined and no data
resulted. Plans call for making further measurements in the 14 to 20 p spec-

tral region on following flights.
NIMBUS II

The Nimbus II weather satellite was launched into polar orbit with an angle of
inclination of approximately 100° on May 15, 1966. At the date of this writing,
the system is still functioning normally. The Nimbus outputs consist of tele-
vision pictures of cloud cover in the visible region, high resolution infrared
radiometer (MRIR) pictures of radiation in five spectral intervals of the infra-
red region. Two channels of the MRIR are of particular interest in horizon
definition analysis of the 14 to 16 p band. From the 10 - 11 . window channel,
cloud top temperatures and thus heights can be determined. The 14 to 16 pu
channel provides direct measurements of temperature in the COg band.

Goddard Space Flight Center is responsible for spacecraft management, data
collection, and analysis. The information on the Nimbus system and the data
presented here were obtained in private correspondence with A. McCulloch
and W. Bandeen of GSFC and A. Glaser of Aracon Geophysics Div. of Allied

Research Associates, Inc.

The Numbus satellite is in a near circular polar orbit at an altitude of
approximately 1100 km + 40 km. The satellite is stabilized to local vertical
to £3° in roll and pitch and £10° in yaw. The MRIR has a field-of-view of

2. 3° at the 1/2-power point corresponding to an area of approximately 30-
mile diameter vertically below on the ground. A rotating mirror scans the
radiometer FOV across the diameter of the Earth's disk, through both hori-
zons, and space at a rate of 1 scan per 7.5 sec. providing a ground resolution
between scans of approximately 30 miles.

The effective spectral response of the CO2 channel of the MRIR is shown in
Figure 59. The 1/2-power points are approximately at 14.05 p and 15, 75 .

It should be noted that the response curve does not fall off uniformly above
15. 75 u. Apparently this skirt passes a significant quantity of energy from
the water vapor band since more cloud effects are noted in the data than would

be expected for the COg band alone.

Nimbus MRIR data will be placed on Final Meteorological Radiation Tapes
(FMRT) in a form similar to the FMRT's produced from Tiros VII. At the
present time, the MRIR data is available in two forms, analog strip charts
and pictorial presentations. The analog strip charts consist of a reproduction
of the radiometer outputs in time sequence as shown in Figure 60. Horizons
and disk readings are as marked in the figure. Distance on the Earth between
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horizons is approximately 7200 km. Resolution (approximately 160 km at the
horizon) and the high scan rate (48°/sec) make analysis of the shape of the
horizon impossible with this data. The pictorial presentation is generated
by stacking the analog scans to form a continuous strip picture of one orbit
of data as shown in Figure 61. In this presentation, the horizons have been
cut off and a 4600 km wide strip directly below the spacecraft is displayed.
Cold is light and warm is dark on the figure for all channels except the 0. 2
to 4. 0 p channel which measures primayrily reflection rather than emission.
The pictorial presentation is useful for determining the location of gross
effects in the channels. Precision measurements of the amplitudes of the
variations can then be made on the analog strip charts.

Unfortunately, problems with the radiometer at this time limit good data in
the 14 to 16 p band to latitudes north of approximately 60°S latitude. Appar-
ently the geometry is such that over the South Pole sunlight is reflected into
the radiometer, which causes heating and a loss of calibration. It may be
possible to correct for this heat increase with careful analysis, but it has
not been done for this report. As the geometrical relationship between sun,
Earth, and satellite changes, this problem should clear up or shift in geo-
graphical location.

Many orbits of the Nimbus data have been examined. Clouds appear in 1:.he

14 - 16 p. channel at least to some extent, in every orbit in the intertropical
convergence zone near the equator. This can be clearly seen in Figures 61
and 62, In May, this area occurs at approximately 10°N latitude. In gen-
eral, the average temperature measured in this region is approximately 222°K,
The clouds caused decreases in temperature normally of less than 10°K, al-
though cases were noted of temperature decreases as high as 17°K. Clouds
also occur in several other areas on almost every orbit but are more random
and usually lower in amplitude.

Figure 63 shows the effect of clouds near the horizon in the 14 to 16 p band.
Approximately a 4 to 6°K decrease in temperature of the_ 14 to _16 v ban<_i can
be observed. Because of the larger area encompassed in the field of view, the
clouds generally tend to average out and disappear near the horizon. Figures
64 and 65 show clouds nearly vertically below the spacecraft. The amplitudes
of the variation in temperature of the 14 to 16y band due to these clouds are
approximately 10°K and 12°K, respectively. Both of these cases occured in
the intertropical convergence zone. By reading the temperatureg of the
cloud tops in the 10 - 11 p channel as 209°K and 193°K and comparing toa
standard tropical atmosphere, the heights of the clouds are approximately

13 and 17 km, respectively. These figures are reproductions of‘expanded
scale analog strip charts. To analyze cloud effects near the hor1zc3n,the

strip chart recorder speed was increased to provide better resolution. The
staircase effect on the horizon is a result of the digital sample rate on the
magnetic tape recording from which the strip chart is made.
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Figure 61. Pictorial Presentation Nimbus II MRIR Orbit 59
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Figure 62. Pictorial Presentation Nimbus II MRIR Orbit 112
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Plots of temperature in the 14 to 16 p band as a function of latitude were made
for three orbits and are shown in Figures 66, 67, and 68. Pictorial presenta-
tions of two of these orbits are shown in Figures 61 and 62. The three orbits
span a time period of one week, 19 to 26 May. The curves show a very lin-
ear temperature increase of 10°K per 6. 7° latitude from approximately 30° N
lat to the North Pole. Deviations are less than + 1°K from an average curve
in this region. From 60° S lat to 20° S lat the same increase of I°’K.per

6. 7° lat occurs, although the deviations are up to £ 25°K. A temperature
plateau appears to exist in the region from 20° S. lat. to 20° N lat. Devia-
tions are + 2.5°K. The temperatures plotted here are the average tempera-
ture of the radiometer scan across the Earth!s disk of 7200 km. This averaging
tends to remove effects of clouds, except possibly in the intertropical conver-
gence zone, and geographical conditions such as land or water. Some indica-
tions of a diurnal temperature variation of 1 to 2°K higher in the day than at
night shows up in the graphs, but it could not be completely verified from the
limited data analyzed to date. Night is the dark area on the 0. 2 to 4. 0 p chan-
nel on the pictorial presentations. For daytime measurements for a given
latitude the temperature is quite consistently higher than the nighttime mea-
surements.

The analysis of the Nimbus II MRIR data shown here is preliminary. The
good resolution, high signal-to-noise ratio, and easy position determination
of the data allows for simple analysis. With the data taken to date, diurnal,
geographical, cloud, and other variations in the 14 to 16 p channel could be
analyzed statistically in good detail. If the lifetime of the vehicle is sufficient,
seasonal temperature variations can be mapped in detail similar to the map-
pings made for Tiros VII. Although the measurements are made on the disk
of the Earth, much of the variation analysis can be directly applied to horizon
analysis. In addition, the Nimbus II, 10 to 11 p channel provides data for
determining cloud heights which may be used to correctly calculate horizon
profiles for cloud effects. By reading the temperature of the cloud top from
the 10 to 11 p. channel and comparing it to an atmospheric temperature pro-
file, the cloud height can be determined. The cloud is then treated as a near
black body radiating at that altitude in the profile computation.

PERIPHERAL EXPERIMENTAL PROGRAMS

A number of experimental programs have been conducted to measure the infra-
red spectral radiance of the atmosphere from ground level and balloon plat-
forms. Some of these programs and their experimental results in the 15 p
region are discussed here.

Bell, et al,(refs. 101 and 102) used a mobile laboratory to take radiance
measurements of the sky over the spectral interval from 1 to 20 p with high
spectral resolution (less than 0. 25p) grading spectrometers. Measurgments
were made in Cocoa Beach, Florida, from Holloman AFB in New Mexico, and
from several locations near Colorado Springs, Colorado. It was found that
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radiance in the 15 p region was essentially independent of angle of elevation
and azimuth angle. It was strongly dependent on ambient temperature. This
would be expected, since at ground level the 15 p region is opaque and the

‘radiance measured would be that emitted from the atmosphere near the

observer,

Murcray, etal.,(refs. 103 and 104) and Kyle, etal,,(ref. 105) have conducted
several balloon flights with grating and prism spectrometers to obtain experi-
mental data on the infrared spectral transmittance of the atmosphere. The
spectral region examined was from 1 to 13 p. Flights were made from
Holloman AFB, New Mexico; Sioux Falls, S. D.; and Fairbanks, Alaska with
measurements being taken at altitudes from 1.6 km to 31 km. Although no

data was taken in the 15 p CO, region, some confirmation of CO, concentrations

and theoretical radiance models was obtained by examination of the experimental
data in the 4.3 p CO2 band.

Chaney (ref. 106) conducted a program with an interference spectrometer on a
high altitude balloon flight originating from Siocux Falls, S.D., in June 1963.

A float altitude of 34 km was maintained for 11 hours. The spectrometer
viewed at an angle of 30° off the nadir and during the flight observed clear sky,
partly cloudy sky on both sides of a storm, and high cumulus storm clouds.
Measurements were made on the infrared spectral interval from 6.25 p to

16. 7 p with a spectral resolution varying from 0.2 p at 6.25 pto 1.3 p at 16.7
p. The CO2 region around 15 u exhibited a smooth rapid drop in temperatures

to 50000 ft (15.2 km) with a smaller rise in temperature from 70 000 to

112 000 ft, (21. 3 to 34. 1 km). The spectrometer response at 14.5 p as a
function of time is shown in Figure 69. At the float altitude, the temperature
decreased slowly throughout the day. A significant decrease in temperature
was noted in the 15 p region as the high clouds were scanned, although the
decrease for this region was much less than for the other portions of the
spectrum.

Zachor and Persky (ref. 107) described a series of balloon flights over

New Mexico in which interference spectrometers were used to make atmos-
pheric emission measurements over the 5 to 40 u spectral region. Unfortun-
ately, equipment problems occurred and the maximum altitude for which data
were taken is 54 000 ft (16. 5 km). Data were taken in both the nadir direction
and at an angle of 30° to the zenith. Two spectrometers were used with one
responding in the 5 to 15 u region and the other in the 9 to 40 u region.

Both had a resolution of 490 cm_l. Considerable scatter and differences
between the two spectrometers in the 12 to 15 p region makes the measure-
ments in the C02 region questionable,
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HORIZON SENSOR FLIGHT PERFORMANCE

Infrared horizon sensors have been used as the principal attitude measurement
sensor on many spacecraft since 1958. The Earth's infrared horizon varies
in altitudes and shape from spectral band to spectral band. In addition, var-
iations are caused in each band by diurnal, seasonal, weather, etc., condi-
tions. Even including all of these variations, spacecraft attitude errors due
to the Earth's horizon would be less than one degree. Figure 70 shows the
attitude error for spacecrafts at three different altitudes as a function of the
error in horizon height. Theoretical and experimental work done to date
shows that the infrared horizon in the region from 1 to 30 p has altitude
variations much less than 40 km.

Many problems have been encountered with horizon sensors trying to reach
the accuracies predicted for the broad band infrared horizon. Examples of the
difficulties are shown in the Mercury MA-5 horizon sensor data shown in
Figures 71 through 75. The response characteristics of the sensor are shown
in Figure 76. Figure 71 shows the normal scans with negligible cloud effects
of sun and cloud interference on the sensor operation. Errors of several de-
grees have been noted from these effects because the sensors tend to lock on
the edges and track disturbances rather than the true horizon. The sensors
commonly use a threshold device or similar techniques to define a particular
radiance level, normalized radiance level, profile slope, etc., as the hori-
zon. The Mercury sensors used a fixed radiance level. If the sensor scans
over the Earth, clouds can cause variations in radiance which will fool

the sensor logic system. These are really instrumentation errors since
clouds on the true Earth!s horizon should never vary the horizon more than the
heights of the cloud itself which would normally be much less than 20 km. If
the threshold radiance level had been set closer to the space level for the
Mercury system or if less of the Earth!s region were scanned, the errors
due to clouds would have been reduced. However, instrumentation signal-to-
noise ratios limit the threshold radiance detection level.

An example of improvement in accuracy by lowering the threshold radiance
level can be seen by examining results from the Tiros horizon sensors. On the
Tiros series of satellites, sensors in the 2 to 20 p band and the 8 to 20 p band
were used to determine Earth's horizon crossings and to turn the TV cameras
on and off. A threshold sensor was used to define the horizon. Missed hori-
zons were determined by examining the TV data. By decreasing the tempera-
ture (radiance) at which threshold occurred significant improvement in hori-
zon detection occurred as can be seen from Table 17,
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TABLE 17, - TIROS HORIZON DETECTION DEPENDENCE ON THRESHOLD
[From J. J. Horan, RCA Private Communications]

Threshold Temperature No. of Missed Horizons
220 °K 1 to 10 per 1000 crossings
205 °K 5 to 10 per 10 000 crossings
200 °K 1 to 10 per 10 000 crossings
180 °K Essentially none

The horizons for the various infrared spectral bands occur at widely varying
altitudes. To obtain better accuracy and reduce the effect of clouds on the
sensors, it is logical to filter out the spectral bands contributing the major
variations. In general, spectral bands with high altitude horizons show much
less cloud or weather variations. Horizons in the 15 p COZ band for five

model atmospheres which should produce nearly the extreme variations of
radiance is shown in Figure 77. Use of a simple threshold detector on these
horizon profiles should produce accuracies much better than 0. 5 degrees.
Although it has been known for some time that the 15 p CO:2 spectral region

should provide a stable horizon, no horizon sensor systems using only this
region have been flown to date. Problems in filter production and operation
with the low signal levels from the narrow spectral region have hindered the
production of sensors. The Nimbus II horizon sensor uses the 13 to 19 p
spectral region. High clouds have some effect on this sensor; however, the
control system response was slowed down to average out much of the cloud
variations. Attitude errors due to clouds on the order of one degree are still
noted.

Once systems are flight proven for the 14 to 16 p region, several techniques
are available for improving the system accuracy. Normalized tresholds,
slope measurement and corrections, second harmonic tracking, etc., have
been proposed and are being developed by the sensor manufacturers. As

part of the Horizon Definition Study, an analysis was made of many types of
horizon locators and their variations over the set of synoptic horizon radiance
profiles generated for the 14.0 to 16, 3p spectral interval. This analysis is
described in detail in Reference 90. Without exception, the standard deviation
and spread decrease as the threshold constant decreases which corresponds to
selecting the located horizon at higher altitudes. Thus, system accuracy
capabilities are a strong function of instrument sensitivity. This is consistent
with the Tiros horizon sensor example discussed earlier in this subsection.
Using the technique described in Reference 91, horizon locators within the
present state-of-the-art of sensor design can be selected which provide a
located horizon standard deviation of less than 1,55 km (0, 045° from 300 km
orbit).

The horizon errors quoted in the previous paragraph were generated from

horizon profiles containing all of the expected seasonal, diurnal, etc., varia-
tions. From examination of the curves in Figure 77, it is obvious there is a
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large systematic seasonal variation, With care, many of the systematic
variations could be designed out of the horizon sensor system or compensated
for. To separate the systematic from the random variations, horizon radi-
ance profiles were generated from meteorological data for one year at three-
day intervals over Cape Kennedy, Florida. A statistical time series analysis
done on the horizon locator altitudes for these profiles is described in
Reference 89, By fitting the located altitudes with a Fourier time series and
removing the systematic variations, the standard deviation for each horizon
locator can be significantly reduced. The study has shown that there are
systematic variations in the Earth's CO, horizon which can be removed to

increase accuracies if sufficient measurements are made to determine their
characteristics.
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BIBLIOGRAPHY
INTRODUCTION

As part of the Horizon Definition Study, a thorough examination of present
knowledge in the field was conducted. This examination consisted of making
extensive literature searches and directly contacting groups which have done
considerable work in the field. The information collected was used to a con-
siderable degree to provide basic data and background information in the
course of this study program. The bibliography listed alphabetically by prin-
cipal author is given in Appendix A.

The literature searches were based on large lists of key words or subjects.
Sources searched were the Honeywell Library, University of Minnesota
Library, NASA STAR, TAB, DDC, and multiple other aerospace, electronic,
and infrared abstracts. In addition, many documents of value to the program
were located by examining reference lists in documents already in hand and
from direct contact with groups working in the field. Copies of all documents
included in the bibliography are entered in a central file or their location is
noted such that ready access to the information can be accomplished.

To simplify the filing system and make the bibliography more usable, a com-
puter program was written to maintain and update the file. The program has
the following features:

1. Alphabetical listing by principal author

2. Alphabetical listing by source

3. Alphabetical listing of all authors with serial numbers

4, Serial number listing of total bibliography for cross-referencing
with 3.

5. Sort and printout by descriptor or combination of descriptors.

The computer program is set up to provide simple entry of additional items,
information on items already entered, and to increase the number of descrip-
tors. The bibliography was planned to be carried on and expanded in the next
phase of the program.

The format used in the bibliography computer printout was selected to be self-
descriptive and to be a standard format for all entries. Because a single
format was used for books, periodicals, reports, etc., blank lines or spaces
occur in some of the entries. The format is as follows:
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Serial No. Authors
Classification Title
Source

Report No. or Description
Date No. of pages
DDC or NASA Abstract No.
Contract No.
Descriptors
In some cases, complete information on items such as Abstract No., Date,

or Contract No., was not available. On the philosophy that some information
is better than none, these entries were not excluded from the bibliography.

Each entry to the bibliography was examined and descriptors of the subject
content of the document were assigned. This allows for easy location and
sorting of the bibliography by subject. The total subject (descriptors) listing
used for Phase I is as follows:

1. Atmospheric Physics 12. Spacecraft Power Systems
2. Radiance (Theoretical 15 p) 13. Mission Profile
3. Radiance (Theoretical other) 14. Meteorology - Synoptic Studies
4., Radiance (Experimental 15 p) 15. Meteorology - Raw Data
5. Radiance (Experimental other) 16. Meteorology - Stratospheric
6. Radiometers Warmings
7. Horizon Sensors 17. Meteorology - Statistical Studies
8. Attitude Measurement 18. Meteorology - Summary Studies
(other than Horizon Sensors)
9. Attitude Control 19, Launch Vehicles and Facilities
10. Spacecraft Structure 20. Data Handling
11. Tracking and Data Acquisition 21, Data Reduction
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Se  RADIANCE (EXPERIMENTAI NIHER)
9. ALLTHCRSS RANDEENswW. R,

CCNRATHWBe Jo + NORDBERG,..
THOMPSONsHe Po ,

c PACIATION ylEw OF HURRICAME AMpyp FReM THE TIROS 111

oMFTEOROLOGICAL SATELLITE

enyRCE: GODDARC SPACE FLIGHT FEMTFR

RFFORT NUMBER,/LESCRIPTION! f-al?

LATES aPKIL 1962 170p

nnC CR NASA NOe

rFoCKIPTORS S
5¢ RACIANCE (FXPERIMENTAI NTHER)
6e RADIOMETERS
15¢ METEORCLCCY = RAW DATA
18 METEORCLCGY SUMMARY STUr[Fs5

10. ALTHCRS: BANDEEN,ws R,
HALEV M, + STRANGE ST,
0 RACTIATION ¢(LIMATOLCGY IM THe viSlxLp AMp INFRARED FROM THE
B11RCS METEORCLCCICAL sATFLEITES
s RCES GOODARE sPACF FLIGHT FEMjFK
RFPORT NUMBER/CESCRIPTION: f=rp?
CATES NOVEMBER 1964 29ppP
crC CR NASA NOe TH D-2534

LFeCRIPTORS
24 RACIANCE (THFORETICAL 18 11 )
3s  RAQIANCE {THEORETICAL OTHeR}
4o  RADIANCE (FXPERIMENTAI 15 ()
5., RADIANCE (EXPERIMENTAI 0InpR,

17
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15.

ALTHCRS: BANRDEEN We Ra

o AVAILABILITY oF RADTATION DATA FkOM TIRQS IIe IIDs IVe AND VII
omFTEORCLOGICAL SATELLITES :

sNRCE: ATMOSPHERIC SCIFENCES .101tkMal

PFPCRT NUMBER/DESCIPTIONS VOl ¢ 214 NPy 5, p 573

CATE: SEPTEMBER 1964 1pp

rpC CR NASA NOe

DFSCRIPTORS:
4e RADIANCE (EXPFRIMENTAI 15 U )
S5e  RAUIANCE (EXPERIMpNTAI NPTREPR)

AUTHCRS® BANDEENYWa Re
HANEL sRe Ao s LICHTeJe
STAMPFL4Rs A, s STROUD W, Ge

o INFRARED AND REFLECTED sO! Ao rANIATTON MEAGUREMENTS FROM THE
oTIRCS 11 METECROLCGICAL SATELLTTF

SOURCE: GOCDARC sPACE FLIGHT FEMiFK

RFPORT NUMBER/CFSCpIPTION:

RATE: 1 MARCH 1961 43PP

rnC CR NASA NCe

NFSCKIPTORS
5¢ RACIANCE (FXPERIMENTAIL NnTuge)
6e RADIOMETERS

AUTHCRS S BANDEENyWe R,
HANEL oR, A, » LICHT e Je
STAMPFL R A, +« STROUD W, G

b YNFRARED AND REFLECTFD sO! AR miADIATION MFAgUREMENTS FROM
oyE TIPOS 11 METFrRCLOGICAY <Axi! L TTF

¢ RCE: GEQPHYSICAL RESEARCH .101RMAL

PrFPORT NUMBEK/CESCFIPTION: VOl , 6y NN, 10,PP 3149=3185
NATE: QCTOBER 1961 16PP

rnl (R NASA NQO.

FESCRIPTORS:
5« RACIANCF (FXPERIMENTAI NiHEw)
6e KRACIOMETEKS

AUTHCRS @ BARNES ENGINFERING COMPANY
o INFRARED SENSQpS FCR SPACFUpAFT GIIINANCE AND CoNTrOL

SOLRCEY BARNES gl GINFERING rOMPAtly

PEPORT NUMBER/CESCRIPTION:

DATF: 14 FEBRUARY 1966 32pp

nrRC CR NASA NCe

fFeCKIPTORS:
Te HCRIZCN SFMSCRS

M OTHCRSS BATFSsDe R,
DALGARNC 4Ae s MOISEIWITSCH,Be Lo
STEnART+AL Lo v JARRETT A, H,
CPINsLe s RUDGE i1,
PATTFRSUCMN4Te e L .

v KFSEARCH ON FHYSICS OF THF tPCLew ATMOQPHIRE

SCURCE: GUEENS IINpVERSITY OF PRI AGT
PFPORT NUMBEK/CESCRIFPTION: AHOR! ~ap=7
FrATE: 31 AUGLST 1965 103pp
rpC CR NASA NQe €2R&0Q7
CONTRACT NUMBER AF 61 (0R5)=78n
CFSCKIPTORS:

le ATMOSPREFIC PHYSICS

2e  RACIANCE (THFORFTICAL 15 11 )

3, KADIANCE (THEORFTICAL OThFERn

4o RACTANCE (FXPFRIMELTAl 14 ()

5¢ RACIANCF (FXPERIMENTAI PTUER)

18¢ METECRCLCcY SUMMAKY STUNFS




266,

31,

2.

AUTHCRS S BAXTERsV.o Fo
p STMULATICN CF Al ATTITUCE LFIFKMIMI~G SYSTFM UTILIZ3NG
oMAGKNE JOMETERS AMC EARTHS HrR1ZON SFNEQUR

en RCES e Se ARNMY MISSILE FOMMALD

REPORT LUMBER/ZDESCNIFTION: RG-Tr-ss5-11

rATE: MAY 1965 24FP

rnC CR MASA NCe 4#6549

rESCRIPTORS?
7Te HORIZCN sEMSCRS
8, ATT MEASMT (EXCL MOPI7UM SEMSRS)

AUTHCRS: BELL+E, Fa
EISNERsIe Le s YOUNGesJs B,
CETUENGR Aa .

o gPEC{RAL RADIANCFE CF oKY ANP yE®RMIN AT LAVELENGTHS RETWEEN

0y AND 20 MICRCMS. Ile SKY MEpSULRMe(TS

e, RCE: OPTICAL SOCIETy OF BMFRTICA JQURNAL

pFPOKT NUMBER/CESCRIFTION?: YUI 4 %0 Mr, 12+ pp 1313-132n

rFATFS DECEMBER 1960 capF

rnC CR NASA NCe

CFSCRIFTORS:
4o RACTARCE (FXPERIMFLTAI Y5 U )
Se  KADTANCE (¢t XFFRIMENTAI NMyHLD)

ALTHERS? BFLI+Es Fo.
1 ATLAS OF RFFLECTIVITIFS OF g (NPMO™ Typfls OF MATERIALS
SOURCE: UHIO STATE UNIVERSITY
FFPOKT NUMBER/CFSCRIBTION: TNTEFRI™ FncIPEER["G REPORT w0, 6
PATES 1 JANUARY 1957231 MARM 1057 320y
roC CF NASA NCs 1,176%
Cot TRACT NUMBER b 33(A16)127347
rEsCRTPTCRGE
le ATNMOYPFELTC FHYS&ICS

EUTHCRSE RELLsF. Fo
ELSugkele Lo « YOUNGsJe 1s
AOLING A, v OF TUENR. A,

= P RARLED TeCr - B8 ARND MR AC o ErYe - F1iAl ERGINEFKYhG REPORT

ey RCC: UHIO STATF UMIVERSITY
FEFCRT HUMBER/LFSCIRTTION?
ATE S UCTOBER 19% 106¥D
fnC CR KASA NCe 181221
CORTRACT NUMBER o1 33(K16)-2312
FESCRIPTCRS S
1o ATHOSPHIWIC BFrhysitly
4o  RADTANCE (FXFIRIMELTLL 15 ()
Se  RACTANCE (P APPRIFENTAL M)

fHCl s RERMSTEIM A, A,
YCU..Gade A ’

O CPASCREMEMY CF GFRTICAL GPANITETS MPEAR T4 gRONDG

crppCEs APPLIEED 1 rECRNl 0OY Jrgn L

FEPCnT WUMBER/CF S ]PTI0R: v, Le PP_ 4%B~470

PATF: LUFCEMBER 1647 13EP

rnC (R P'ASA WCoe

FFCKIPTORY:
lhe  FMEJEQRCLEAY SyMALY oYM IFg

ALTHCRS: RFRTOMIsF. A,
LLMugle A

’
rooPACE CORRELA 174 GF THE hrler g °F COLgrAar ¢ PRESSUPE Sy RFACES

trbncE: APPLIEL tE FCRILOCY Jngr. AL

LePCeT HUMQER/LE Se R PT{ONE vOI | 24 PP 5392545
FATE S ALGUST 1563 06PP
rnt CcR MASA NCs

FESCRIPTORS:
le  ATMOSPHELIC FrySICs
14, MEJECRCICry « SYNOPT[r “T1pmpS
17+ HETEGRCLoCy =STATIST 21 &1aDUES
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21,

22,

240,

376,

411,

AUTHCPS? BEYERSshe Je
MIFKSeBs Te . '

rr DILRNAL TEMPERFT(RE CHRAMGF 1N |HE ATHOSPHERE BETWEEN 30 ALD 60

pr® CVER WHITE SAMRS M1S51LF pAMGE

cC,RCES ATMOSPHFEIC SCIFNCES j01kMAl

FFPORT NUMBER,CFSCLIPTION! VOl , 224 PP 262-266

PATE S MAY 1965 40P

rnC CR MASA NCe

PFSCRTPTORS
144 METEQRCICRY = SYNOPTIF STOLTES
15¢  METEORCLCGY = RAW DATA

ALTHCRS ! BEYERSsN. Je
TRIELE YO, W, . s WAGMERWN, K,

e PERFUSMANCE CHapaCTFRISTICS OF METEMKCLOCICAL ROCKET wIND AND

nTFMPERATURE SENSCRS

SALRCELD LeSe ARMY © AND D

FEFPORT NUMBER/DFSCOIFTICNS €p1 yR="wa

ratF: GCTOBEKR 19¢? 31PP

rnC cK LASA NG 2PR254

rFSCRIFTURS:
16s  MEJECRCLCCY SUMMAFY sy Plkg

SLTRCRS: REYNONsw, Jeo G
JCMNESeFe 56 Co Y

r GEASOPEAL VARIATICMS [N THE | Ouf® ARN UPPER ATMOSPHERF

e RCES GECPhySTCAL RFEGFARCH 1011 MAT

FFPOKT RUMBER,CESCLIRTION: VUl o 206aKN, 4950 pp 1243=1245

rATE D 19 JUNg 1G¢é 03pp

rnC LR NASA NG

FFSCKIFTORS
l4e METEQORCLCCY = SYNCPTIr STHDIES

ALTHCRS: BISCHOF 4w,

©r CARRUN DICXICF CrRCENTRATTIGMS INM THF UUIPPFk TROPOSPHERF AND
0L CvER STRATCSFREEE

SrnRCES TELLULS

oFHCRT PUMBER/CESCEIPTIONS YV1I43s PP 39R=4072

FATE: 1965 0500

nnC CR MASA NCe

['FeCRIPTCRS:
le ATNMOSPHFRLIC PHYSTCS
14 METEOQORCLCGY = SYNCPYlr sTuptes

AYUTHCRS$ BISCHOF sWe
o VARIATIONS N CONCENTRATIMN OF CAPHON DIOXIDE IN THE FREE
nATMCSPHERE

sOURCE: TELLYS
RFPORT NUMBER/CESCRIPTION: VOl 4 149y NMe 14 PP 8Twq0
CATE: FEBRUARY 1962 4Pp
npC CR NASA NOe
CONTRACT NUMBER CwR=-9920
CESCRIPTORS:
1 ATMOSPRERIC PHyYSICS

AUTHORSS BLACKMER JResRe He
ALDERedJe Eo .
o CISTRIBUTIONS AKD CHARACTFRISTICS OF yARIOyS BROADSCALE AND
oSPECIAL CLOUD SYSTENMS
<A RCE: STANFORD RFSEARCH IMSTITUTE
RFEPORT NUMBER,CESCoIPTION: AFFgl-AS=211
CATE: APRIL 1965 117PpP
nnpC CR NASA NCe 616295
CONTRACT NUMBER AF 19(628B)=16n]
NESCRIPTORS
14e METEQRCLCGY = SYNOPYIF STUDTES
18e¢ METEORCLQGY SUMMARY STURIFS
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332,

358,

111,

392,

AyUTHCRS?S BLANKENSHIPsJs R,
n APPROACH TO CBUECTIVE NEPHAMAI YS|S FROM AN EARTH=ORIENTED
uSATELLITE

s0yRCE: APPLIEC METECROLOGY JAUPNAL

RePORT NUMBER/DESCRIPTION: VO, 1s °P 5gl-582
NATE: DECEMBER 1962 2pP
£nC CR NASA NOs

CFSCRIPTORS:
5¢ RADIANCE (EXPERIMENTAI MIHE®R)
18, METEORCLCGY SUMMARY STURjfS

AUTHCRS ¢ BOLINyBe

b FXCHAMGE OF CARRCN DIOX)DF QETWFEN THE ATMOSPHERE AND THE SEA
SoyRCE: TELLUS

RFPORT NUMBER/DESCRIPTION: VOI o 124 NN. 3y Pp 274~281

pATES AUGUST 1960 app

rnC CR NASA NOe.

EFCRIPTORS?
le ATMOSPHERIC PHYSICS

Ay THCRSS BORDEN JResTe Pe
HERINGowe Se s MUENCH b, S
OhRING.Ge ’

b CONTRIBUTIONS TN STRATOSPHERIC METENROLOGY wOL 11
SOURCE? CAMBRILDGE RESFARCH | AR, (4AF,

PFFORT NUMBER/CESCKIPTION? AFrRI -Th=gn=489

caTe: SEpTEMBER 1960 206pp

tpC CR NASA NOe 250586

LFSCRIFTORS
14¢ METEQRCLOGY = SYNQPTILIC STIWTES
15¢ METEORCLOGY = RAW DATA
17¢ METEGRCLCGY =STATISTICAI «T1'D1ES
18, METEORCLCGY SUMMARY STIRIFS

AUTHCRS! RORCVIKCyehe M,
KOSTAKEVSIVe Ve .

B ACCURACY OF RApAR MpASURIMG THp ALTITUpp CF cLOUDS

SOURCE: AIR FCRCE SYSTEMS (Mhirany

pFFORT NUMBER/LESCRHIPTION: FINR=TT=g3=539,142

LATE: 18 JULY 1963 gpn

rnC CR NASA NCe 414640

PFSCKIPTORS?
18¢ METEORCLCGY SUMMAPY STURIES

AL THCRS S BOUCHER IR, Ja
BCWLEYsCo Jo o« MERRITTWF, S,
ROGERS¢Ce We C, s SHERR,P, ¥,

WIDGEKe JRetWe Ke M
o SYNOPTC INTERPRETATIONS ©F Cluip VNRTEX PATTERNS AS NBSERVED
nRy METFORCLOGICAL SATELLITFS
cORCES ARACON GECGPHYSICS Cre
REPORT NUMBER/CESCRIPTION:
NATE: 1963
tnC CR NASA NOs
¢cONTRACT NUMBER (cpwrR=10630
CFSCRIPTORS S
l4e¢ METEQRCLCAY = SYNCPTIr STIWDIES
18¢ METEORCLCGY SUMMARY STURIeS
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220,

43

454,

4.

365,

353,

AUTHCRS? BOYDe«R. L, F

.
SEATONsMe Ja : s MASSEYsH. So We (EDITED BRY)
o ROCKET EXPLORATICN OF THE yPPFR ATMNSPHERE
SOURCE: ATMOSPRER|C AND TERPECTWIAL FuYSICS JOURNAL
RFPORT NUMBER/CESCRIPTION: VUi 4 14 FN 55]1e5 V4=B
CATE: 1954
npC CR NASA NOe
CFSCRIPTURS®
le ATMOSPHERIC PHYSICS
l14e¢ METEORCLOGY = SYNCPTIe STUGLTES
17« METEORCLCGY =STATISTICAL <TuDIES
18, METEURCLCGY SUMMARY STURES
AUTHCRS? BOZHEVIKOY N, Ss
o RELATIONSHIP BETwEEN THF HETGHT OF €LOUD BASES AND VISUAL RANGE
paAT THE GRCUND
SObRcEﬁ AIR FORCE gYSTEMg COMmAN[
REPORT NUMBER/CESCFIPTION: FIn=TT=-£5-551, PP 1-9
RATE: 25 OCTOBER 1965 9pp
onl cR NASA nNOe 628308
NFSCRIPTORS:
18¢ METEQRCLCGY SyUMMARY sTyRIFs
AUTHCRS: BFPOWNY JRayJe As
PYBUS.Es ue .
n STRATOSPHERIC WATER yAPOR SAUMDTINGS AT MCMyURDO SOYND
DANTARCTICAY DECEMBER 1960 = pERRIARPY 1961
sORCES ATMOGPHRERIC SCIENCEe 1017Mal
pFPORT NUMBER/CESCCIFTIONS: VOl s 214 NP 64y PP 597602
naTe: NOVEMBER 1944 6PpP
rnC GR MASA NOe
rFsCKIPTORS !
18+ METEQRCLCGY SUMMAPY STUNIES
AUTHCRS t BRADFIELD (s
D HCRIZON sENSCR INFRA=RED FLTGHT FST PROGRAM
SOURCE: LOCKKEED MISSTLES AMD SPACE COMPANY
PFPORT NUMBER/CESCRIPTION: AQ0g41Aa@
CATE: 19 OCTGBER 1962 58pp
rnC CR NASA NQOe
rFeCRIPTORG!
4e RACIANCE (FXPERIMENTA) 15 y )
5¢ RADJANCE (gXPERIMENTAl OTHgR)
6, RACIOMETEERS
AUTHCRS ! BRANETS Ve N

B ACCURACY Of CETERMIMATICN Or ThF VERTICAL DURING SIGHTING Of
otHE HORIZCN IN 7HE INFRAREP pEGInn OF THE SPECTRUM

coURCE? COSM1IC RECFARCH

RFPORT NUMBER/CESCRIPTION: VOI . 34 MGa 4y PP 453465

rATE: JULY 1965=a11GUST 1965 13ppP

rnC CR NASA AQ.

CFSCRIPTORS !
2¢ RADIANCE (THEORETICAL 1% 11
3¢ RACIANCE (THEORETICAL NTHER)
Te HORIZON SENSCRS

AUTHCRS: BRAY+J, R,

o ANALysls OF THE POSSIBLE pEFEnT CHANGE 15 ATMOgPHERIC CARBON
oNTOXIDE CONCENTRATICN

SCURCE: TELLUS

PEFORT NUMBER/CESCRIPTIONS vOre 11y NOe 2, PP 220-230

CATE: MAY 1959 11pP

rp¢ CR NASA NOw

CFSCRIPTORSS
le ATMOSPHERIC PHYSICS




y

237.

27ha

372,

426,

AUTHORS BREILAND JJ. Ge
o vERTICAL DISTRIFyTION OF AyMOepHERIC OZONE AMD 1TS RELATION 7O
osyYNCPTIC METECRCLCGICAL COMDITYOMS
sQuURCE: GEQPHYSICAL RESEARCKH (JOURMAL
RpFFPORT NUMBE[/CESCQIPTIONS: VOI « 69« Nre 18s pp 3801-3808
CATES 15 SgPTgMBgp 1964 8pp
npC GR NALA NCe
CONTRACT NUMBER AF 19(628)-2927
CFSCRIPTORS?
14¢ METEORCLOGY = SYNOPTIC <TIDIES

AUTHGRS? BROWNsCo W,
KEELING+Cs Lo )

n CONCENTRATION CF ATMOSPHEPIFC FAPBON DJOXTDE IN ANTARCTICA

SOBRCE: GECPHYSICAL RESEARCH (OUkMAL

REPORT NUMBER/CESCRIPTION: VO, 70,0, 24+PP 6077=6085%

CATE: 15 DECEMBER 1965 c8op

cnC CcR NASA NC.»

CFSCRIPTORSS
14s MEYEORCLOGY = SYNCPTIF sT0lIge
18, METEORCLCGY SUMMARY STURIFS

AUTHCRS? RRUCE 'R+ w,
o 5g$¥ﬁv OF MCLFL ATMOSPHERFS UStP TN THE ANALYSIS OF SATELLITE
acrAITS
SOURCF: AEROSPACFE CORPORATYINN
RFFORT NUMBER/CESCRIPTION: TDo=469(5540-10)~2
naTE: 10 APRIL 1945 7710P
rnC CR MASA NOw
CONTRACT NUMBER 4F 04(695)=tg6o
CFSCRIPTORS:
lae METEGRCLOGY = SYNOPTIF <qiililgs
18« METEORCLCGY SUMMARY syynIfg

AUTHCRS: BUELL+Cs Eo

o COMMENTS ON=VARIABILITY SHOwN By “MOIRLY wIND SQUNDINGS=AND
DayHER COMMENTS i
soyRCE: APPLIEL METECROLOGY JmpprAlL

PFFORT MUMBER/DFSCFIPTION: V0L | 24 PP BOg=FR1Y

CATE: DECEMBER 1962 03Irp

rnC CR MASA NCe

DFSCRIPTORS:
14 METEQRCLCGY = SYNOPTIF c7nlJEs
17, METEORCLO(Y =STATISTIrAL STU'DIES

AlITHCRS: BUETTNFR K, Je K,
KERNeCoe D, '

v CETERMINATION CF INFRARED Em[eSTyTTTES COF TERRFSTRIAI SURFACES

SOURCES GECPRYSICLL RESEARCH DMt

RFFORT NUMBER/CESC(RIPTION: w01, 0. NP, a4 PP 1329-1337

rares 15 MARCH 1665 Spe

cnC CR NASA NCa

PFSCRIPTORS:
ls ATMOSPFERIC PHYSICS

ALTHCRS BUETTNER k. Je Ko
KATSAROS 4K s KREISS,k .
o ;5B OF INTFRMELTATF [NFRAPERM AMD MICLOWAVE TMFRARED 1M WEATHER
DSATELLITES
sCLRCE:D UNIVERSITY OF (ASKHINGTOM
FFFORT MUMBER/CESCRIPTION?
RATES SEPTEMBEK 1965 50PP
rnC CR NASA NOe (R=68294
CONTRACT NUMBER NASA NSG=632
rFSCRTRTORS?
5¢ RACIANCE (FXPERTMENTAI NTHED)
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194,

?5.

95.

279,

354,

3744

AUTHCRSS RUNKER=RAMO CORPORATJON
b RUNKER=RAMGC hOPIZCN SENSOP

sOURCES BUNKER=RANM(O CORPORATINAN

RFPORT NUMBER/CESCRIPTICON:

PATE: 13pP

ntpC CR NASA NC.

RFSCRIFPTORS!
7« HORIZCON SENSCRS

AUTHCRS: BURNyJo We

n AppLICATION CF 1HE gPECYRML AML gPATIAL CHARACTERISTICS OF THE
nFARTHS INFRARED HCRIZON TO HARTZOI SCANRERS

SOURCES JEEE TRAMSACTJONS OM ApRUSPACF-SUPPCRT CONFERFNCE PROCEDURES
FFFGRT NUMBER/CESCRIPYION: PP 11151126

NATE: 1963

npC CR NASA NQOe

PFSCRIPTORS:
2e RADIANCE (THEQRETICAL 15 1+
6o RACIGMETFFS
Te HORIZON SEMSCRS
l4e METEGRCLCCY = SYNOPTIe, STUILTES

ALTHCRS: BURMNsde We

n IMFRARED HOR1ZoMg FOR MODFL ArrrevmFRrFg OF THE EARTH

&0,RCE: PRCC, FIFST Sy, ~INFRARFL SFNSORS pCR SPACECKAFT gUID, + CONTROL
FFPORT NUMBEKR/CFSCRIPTION: PP 3e)4

CATE: 1965 12pp

rsC CR NASA NO»

CESCKIPTORS!
2+ KACIANCE (THEQRFTICAL 15 1'
3e  RAPIANCE (THEORETICAL OTHER?

AUTHCRS: BURNsJa W,

o fLECTRC=CPTICAL DESIGMN OF HARY1ZCN SFNSCRS

cnuRCE: TECH. FACFRS = 11TH AMNM, F, CNAST CONFe ON AERO.*NAV.ELEC, (IFEE)
FFPORT NUMBER,CESCRIPTION: PP la6a5=1 = 1,445=10

RATE: 21922023 GCTCBER 1964 10ppP

rnC CR NASA NQO.

rFsCRIPTORS S
7+ HORIZON SEMSCRS

AUTHCRS? N « S,
n AMCUNT OF CARRON DIOXIDE "N THE ATMOSPHERE CALLENDAR1Ge S
sQURCE: TELLUS

RFFORT NUMBER,CESCRIPTION: V0| 10+ Mo, 24 PP 243-248

CATE: MAY 1958 6Pp

tnC CR NASA NO.

rFSCRIPTORS !
le ATMOSPHERIC PHYSICS

AUTHCRS: M
n ALBEDO AND EARTH RADIATION CAMACK sk G
SOURCE: SPACE MATERIALS HANDPBAQX
RFFPORT NUMBER,/CESCRIPTION: A5-17404s pp 39u.5¢
PATE: 1965 12pp
rNC CR NASA NOe
CONTRACT NUMBER AF 33(657)=10107
CFSCRIPTORS !

1= ATMOSPHERIC PHYSICS

2e¢  RADIANCE (THEORETICAL 15 11 )

3s RADIANCE (THEORETICAL OTLFR)

10e SPACECRAFT STRUCTURFE




|

?26a

135,

lns.

136

177,

27a

AUTHCRS: CARLETONGN, Peo

o RgLATION OF THE RpCgNT ATMOSPHERIC nUST MgaSUREMENTS OF vOLZ
vanD GooPy TO THE DRCELEM OF METENRTC INFLuYX

s RCES ATMOSPRERIC SCIENCES .10 RMAL

REPORT NUMBER/CESCRIPTION? VOI 4 19.Pp 424=6426

CATE: SEPTEMBER 1962 03PP

£nC CR NASA NQe

CESCRIPTORS
ls ATMOSPHERIC PHYSICS

AUTHCRS? CARPENTER.Re Oe
WIGHT vJa As + QUESADAsA,
SWINGeRe Eo .

p PREDICTING INFRAREC MOLECULAR ATTFNIIATIQN FOR LONG SLANT PATHS

oIN THE yPPER ATNOSPHERE

sOpRCE: CAMBRICGE RESEARCH CEMTFRUATR FCRCE)

REPORT NUMBER/CESCPIPTION! 5146

PATES 1 NOyEMBER 1957 62PP

cnC CR NASA NOe 150825

CONTRACT NUMBER AF19(604)=~240%

CFSCRIPTORS?

le ATMOSPRERIC PHYSICS

2« RADIANCE (THFORETICAL 15 U1 )
3¢ RADIANCF (THEORETICAL OTHFRY
18, METEORCLC(Y SUMMARY S5TURIFS

AUTHCRS: CAVENEY sRe Do

o SFCOND=HARMCNIC EDGE=-TRACKER uHQORI170M SENSQR, FYIXED~PQINT TYPE

snunct: PROC, FIKsT SYMe=INFRARFD ¢FNcORg FOR gPACECRAFT GuID, + CONTROL
RFFORT NUMBER/DESCRIPTIONE PP 117=-113])

NATE: 1965 15pp

o< CR NASA NCe

CESCRIPTORS:
7« HORIZCN 5FMSCRS

AUTHCRS: CHAMPIONJK, 5S¢ W
o MEAN ATMCSPHERIC PROPERTIFS IM THF eANGE 30 70 300 ¢m
SOIRCE: CAMBRICGE RESEARCH ! AR, tAF)

PFPORT NUMBER/CESCRIPTION: AFPARI =f5-443

DAYE: JUNE 1965 43pp

rpC CR NASA NO.

RFSCRIPTORS:
17« METEQRCLQGY =STATISTICA SIUIDTES
18¢ METEORCLCGY SUMMARY S5TURIkS

AyTHCRS ¢ CHAMPION K, Se W,
MINZNER4Rs As ’

o PRCPUSED REyISIOM CF (JeSe STAMDARD ATMOSHHFRE 99 TO Tap KM

solpCEs CAMBRICGE RESEARCH | ARQoATORIFS (AT FORCF)

REPORT NUMBER/CESCRIPTION: AFeRI =6£2-802

RATE: JULY 1964 37ppP

ppC CR NASA NO, 285019

RFSCRIPTORS:
18e¢ METEQRCLOGY SUMMARY Stynifg

AUTHCRS: CHANEYs Lo Wa
n FARTH RADIATIOM MEASUREMEMTe Ry MTFRFERCMFTER FROM A HIGH
pALTITUDE BALLCON
¢ RCFi PRCCo=THIRM SYMPOSI|M OM REMOTE SENSING OF ENVIRONMENT
RePORT NUMBER/CESCRIPTION: &£Br4=g=xs PP 225=244
RATE: FEBRUARY 1965 20pp
nnC CR NASA NO.
CONTRACT NUMBER KASR=541(03)
CESCRIPTORS?
4o RADIANCE (EXPERIMENTAI 15 U )
5¢ RADIANCE (FXPERIMENTAT NiPpP)
6e RADIOMETERS
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347,

431,

4nTe

113,

137,

?8.

AUTHCRs: CLAPP4Ps F,
o GLCBAL CLOUD CoVER FOR SERSANS USTNF TIRGS NEPHANALYSTS
SOURCE ¢~ MONTHLY wpaTHFER REVTEM :

RFPORT NUMBER/LESCRIPTION: yC1 o 92, Nne 11, PP 495=507
CATE: NOVEMBER 1964 13pp '
roC CR NASA NOe

NFSCRIPTORS?
17¢ METEARCLCGY =STATISTICAL STUDYES

AUTHCRS: CLARK 4Ge
MCCOYsde Ge

o MEASUREMENT CF STRATOSPHEPIC TEMPRRATURE

soRCE: APPLIEC METECROLOGY JnyeiaL

pFPORT NUMBER,/CESCRIPTION? VOl o 44 M0. 34 PP 365~370

CATE: JUNE 1965 6PpP

¢ CR NASA NOe

CFSCRIPTORS:
18« METEQRCLCGY SUMMARY STUrIFS

AUTHCRS; CLAUSSyJe Re
o REI ATIONSHIP BETWEEN TOTAL €LApN AMagNTS AND OBJECTIVFLY
onef INED SYNOPTIC PARAMETERS
spyRCE: yYNIVERSITY OF BERLIM
REPORT NUMBER/CESCRIPTJON: AFFRI k3848
DATE! 15 FEBRUARY 1963 74PP
poC CR NASA NOe 415322
COMTRACT NUMBER AF 61(052)=F4s4
NFSCRIPTORS®
14 METEQRCLGGY = SYNOPTIC STUDIES
18e¢ MgTEORCLCGY SUMMARY STURIES

AUTHCRS? CNOLE+A. E.
KANTORsAe Jo .

o AIR FORCE INTERIM SUPPLEMFNTAl ATMOSPHERFS TO 90 KILCMETERS

saURCE: CAMBR[DGE RESEFARCH 1 APNBATORIFS (AIR FORCE)

REPOKT NUMBER/DESCRIPTION: AFFRI =63=g36

rATES DECEMBER 1963 37pp

onC CR NASA NO,

CFSCRIPTORS:
17¢ METEORCLNOGY =STATISTICAl STIDTES
18 METEORCLOGY SUMMARY STUN|FS

AUTHCRS: OLE (A
KATTgR':C x& , COLE A, E,
o HORIZONT D VERTICAL DISYRTIBITIONS OF ATMO
i S T TMOSPHERIC DENSITY,
SOURCE: CAMBRICGE RESEARCH LAR, (AF)
REFORT NUMBER/CESCRIPTION! AFepl ~64=483
RATES JUNE 1964 25pp
nDC OR NASA NO.

RFSCRIPTORS!
le ATMOSPHERIC PHYSICS
17« METEORCLOGY =STATISTIFAl STIDIES
18¢ METEORCLOGY SUMMARY STUMIFS

AUTHCRS: oL
HAYNIE yWwe He . COLLINGE.J, P.
t MEASUREMENT CF 15=MICRON HOb170M RADIANCE FROM A SATELLITE
SCURCE: EASTMAN KOpAK cOMPANY
RFPORT NUMBER/CESCRIPTION: 7=al12
CATE: 1 MARCH 1963 56pp
npC OR NASA NCe
CONTRACT NUMBER AFp4(695)=160
CESCRIPTORS:
4e RADIANCE (FXPERIMENTAI 15 y )
e RADIOMETERS




?9.

235.

lao3,

242,

31.

AUTHCRS? COLLISsR, Te He.

n CLEAR AIR TURBULENCF DETECTYOM
scyRCE: 1EEE SPECTRUM

RFYORT NUMBER/CESCRIPTION: PP 5é=61

CATE: APRIL 1966 06PP
pnC GR NASA NO.

CFSCRIPTORS?
le ATMOSPHERIC PHYSICS

AUTHCRS!

oDATA TO 700 KILCMETERS

SOURCE: CAMBRICGE gESEARCH { APQPATQORIFS (AIR FORCE)
PEPORT NUMBER/DESCRIPTION?

CATE: 1962 278PP

cnC OR NASA NO, 401813

CFSCRIPTORS?
le ATMOSPRERIC PHYSICH
17, METEORCLOGY =STATISTIrAl STHDYES
18+ METEORCLGGY SUMMARY STUNIFS

AUTHORS CONRATH,B, J
n FARTH SCAN ANALOG SIGNAL BE| AT[{PNSHIPS IW THE TIROS RADJATION
nEXPERINENT ANC THEIR APPLIFATIAN [P THF PEORLEM OF Hop1zON

o ENS ING

SOURCE: GODDARL SPACE FLIGHT FEMTFR

RFFORT NUMBER/DESCRIPTION?

LATE: JUNE 1962 21PP
coC OR NASA NCe TAD=1341

NESCRIPTORS!
5¢ RADIANCE (FXpPERIMENTA| nTHER)
6e RADIOMETERS
7« HORIZON SENSCRS

AUTHORS CORLISSsW, R,

o SPACF PROBES AND PLANETARY FXFLORATION
SORCES De VAN MOSTRAND COMBANY,IMC,

REFORT NUMBER/DESCRIPTION:

FATES 1965 542pp
cnC OR NASA NO,

PESCRIPTORS
7« HORIZON oENSCRS
Bs ATT MEASMT (EXCL WOPj70M SENSPS,
9e¢ ATTITUCE CONTROL
10s SPACECRAFT STRUCTURF
1l1s  TRACKING AMD DATA ACGIISITIDN
12¢ SPACECRAFT PCWER SYSTFMS
13, M[SSION PROFI(LE
19«  LAUNCH yEWICLES AND FACTLYTIES
20, DATA HANDL ING

AUTHORS! CRAIGRe A,
HER[NGON. Se [

o STRATOSPHERIC wWARMING OF JAMUARY<FLRRUARY 1957

SQURCE! METEQRCLOGY JOURNAL

RFFORT NUMBER/CESCRIPTION: VOl « 1A4™0.2s PP 91-107

CATE: APRIL 1959 17PP

NS CR NASA NOe

NESCRIPTORS!
16e METEQRCLQOGY = STRATO wWARMIRGS

COMMITTEF ON EXT. TO THE STDe ATMOSPHERE
0 Ue Se STANDARD ATMCSPHEREs 1962~ YCAO STANDARD ATMO&PHERE TO 20
nKILOMETERSs PROPOSEC [CAO EXTENSTOM YO 32 K{LOMETERS, TARLES AND

187
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?3.

32.

274.

34,

AUTHCRS CRAMER4We P
n INVESTIGATION CF TIME CHAMGFS (M CLNAyDS OBSERVED OVER THE GULF
noF MEXICO AND CARIBBEAMN SEA nUPIMG Tuk PERIND 18=23 JuLY 1961
SOURCE: TEXAS Asy UNIVERSITV
RFPYORT NUMBER/CESCRIPTION:
LATE: MAY 1963 82ppP
tnC CR NASA NOe 415811
CONTRACT NUMBER AF 19(604)=P4&0
CFSCRIPTORS?
18¢ METEORCLOGY SUMMARY STURIFS

AUTHCRS!? CRUTCHER +H, Le
BAERsL e ’

o COMPUTATIONS FROM ELLIPTICA) wIMD DISTRIRUTION STATISTICS

sOyURCED APPLIEC METECRAOLOGY JnehiAL

RFPORT NUMBER/CESCRIPTION: V01, le PP 522=530

RATE: DECEMBER 1962 09pPP

tnC CR NASA NOe

CESCRIPTORS:
17¢ METEQRCLCGy =STATISTICAl STIDTES

AUTHCRS: CURTISsA, R
GCODY ¢Re Me .

o THERMAL RADIATIOM IN THE 1IPPEP BTMOSPHFRE

sORCE: ROYAL SOCTETY OF LOMDNN PRQCEFLINGS

PFPORT NUMBER/CESCRIPTION: V0! 42364As NG, 12055 PP 193=206

NATE: 2 AUGUST 1956 14PP

cnC CR NASA NO»

RFSCRIPTORS:
le ATMOSPRERIC PHYSICS
2o RADIANCE (THEORETICAL 1% tv)
18¢ METEORCLOGY SUMMARY STURIFg

AUTHCRS? DAVEsJs Ve

MATEERCe Lo ’
o DETEKMINATION CF OZONF PAPAMETERg FPQOM MEASUREMENTS OF THE

pRADJATION BACKSCATTERED BY THE EARTHS ATMCSPHFRE
cnyRCE: NATIONAL CENTER FOR ATMNSDHFRTIC RESEARCH
pFPORT NUMBER/CFSCwIPTIONS

BATES 29pPP

rnnNC CR NASA NOe

rFSCRIFPTORS!
le ATMOSPRERIC PHYSICS

216. BUTHORS? DAVIS.Ps A,

391,

VOBECEE R CovpUTING INFRA )
oM F UTING INFRAPEN TRANSMISSION RO ATMOSP,
DwATER VAPQR AND CARBON DIOXINE THRYUGH ATMOSPHERTC
SOHRCE= GEQPHYSICAL RESEARCH _101RMAL
RFPORT NUMBER/CESCRIPTION: VOl , 694 NN 18, PP 3785-3794
NATE? 15 SEPTEMRFR 1964 10PP
coC CR NASA NO.
CONTRACT NUMBER NAS 5=2919
CESCRIPTORS !
le ATMOSPHERIC PHYS]CS
18¢ METEORCLCGY SUMMARY STUrIFS

Al THCRS ¢ DAVISsPe A,
VIEZEE oW )
o MODEL FOR CONMPUTING INFRAPEN TiansMISSION TuROUGH ATMOSPHERIC
nwATER VAPCR AND CARBON DIOyIPE
cOURCE? STANFORD RESEARCH INSTITQTE
FFPORT MUMBER/CESCRIPTION! SRT 4196
CATES MARCH 1964 25PP
fRC CR NASA NOs N65=27293
CONTRACT NUMBER NAS 542919
CFSCRIPTORS !
le ATMOSPHERIC PHYS]CS
18¢ METEORCLOGY SUMMARY STUNnies




: DAVISsWe D,
245+ :Uzgﬁgﬁ}eR PROGRAM TC [MPROVE STADAM STATON SCHEDUL 1Ng
sOURCE: GODDARE gpACE FLIGHT rENTFR
gFPORT NUMBER/PESCRIFPTIONS .
pATES APKIL 1964 36P
n0C QR NASA NQOe TM X-1230

RIPTORS:
CESCE P TORREKING AND DATA ACGMISITION

14. AUTHORS? DE FRIES:P. s
* 2 LORIZON SENSCR PERFORMANCF TN MEASUPING ALTITUDE ABOVF THE !
cOURCE: NASA
RFPORT NUMBER/CRESCRIPTIONS
CATES JULY 1961 20PP
5pC CR NASA NOe TN=D=609

rESCRIPTCORS!
7¢ HORIZON SpMSCRS

3383, AUTHORS!

D ANALYSIS OF NUMERICAL CLOI'D FARFCASTS

SOURCE: STe LOLIs UNIVERSITY

ReFORT NUMBER/CESCRIPTION:

CATE: 1965 S51pp

tnC OR NASA NO. 620439

CONTRACT NUMBER AF 33(s08)=1115

LESCRIPTORSS
149 METEQRCLOGY = SYNOPTIF =TUDYES
17¢ METEORCLCGY =STATISTIral STIDTES
18 METEORCLOGY SUMMARY SY\UPIFS

DE MICHAFLSWR, E,

33, AUTHCRS: DEAN.C,
o ATTITUDE DETERMIMATION FRPM TTROS PHUTOGRAPHS
sOURCE D GODDARE spACE FLIGHT rENMTFR
PFPORT NUMBER/CESCRIPTION:

CATES MAY 1964 34PP
£nC CR NASA NOs
CONTRACT NUMBER NAS 5-1204
PFSCRIPTORS:
8¢ ATT MEASMT (ExCL HORPIZOM SENSRS)

422, AUTHCRS! DESHPANDE « Dy V,
2} uelgHTs QF TCPs oF B CLOI'DS PyFR IMDTA
SOURCE: INDIAN JOURNAL QF MFTFQOROI 0Ny AND GEQPHYSTC
pFPORT NUMBER ,CESColPTION: VOI & 174 NN, 1 pp 295;25
CATE: JANUARY 1961 4Pp
rnC OR NASA NOe

CFSCRIPTURS:
184 METEQRCLCGY SUMMARY STURIFS

423. AUTHCRS: DFsAs C
o UNUSUALLY HIGH NORWFSTER PARAR € npn
SOURCE: NDIAN JOURNAL OF METFOPQI QGY AND GEOPHYSCS
PFFYORT NUMBER/CESCRIPTION: VOI, 104 N7y 3, PP 359=360
BATE: JULY 1959 2pp
nnC CR NASA NOQe

rRFSCRIFTORS?
18e HMETEGRCLOGY SUMMARY STURIFS

334, MUTHCRS! DEsA. Co
o oIGH RADAR CLOyNS ARQVE 1nPKM™
SOURCE: INDIAN JUCURMAL OF MFTeOR0! CRY AMD GEOPMYSICS
RFFORT NUMBER/CESCRIPTION: w0, 14, N 3, PP 327-330
DATE: JULY 1963 4pp
ol CR NASA NG

CFsCRIPTORS:
18 METEQRCLCGY SUMMARY STUTIFS
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421. AUTHCRS: DEsAs Co

109.

198,

199,

RAKSHITeDs K ’
o RACAR OBSERVATIONS ON THE FAR“ATION OF CuMyULUS CLOUDS NEAR
BCALCUTTA DURING THE MONSOCM <FASNN -
<0yRCET INCIAN JORNAL OF MFTFORO! OFY AMD GENPHYgICs
RFPORT NUMBER/CESCFIPTION: vOI , 172,MU, 24 PP 289-298
RATES APRIL 19631 10PP
cnl GR NASA NQ.

RFSCRIPTORS:
18¢ METEQRCLCGY SUMMARY STURIFS

AUTHGRS: DODGEN+J, Ae
CLRFMAN He Je .
B SUMMARY CF HCRI2GN DEFIMITIAN sTUMIFS BETNG yNDERTAKFM BY
ulLANGLEY RESEARCL CENTER
SOURCES PRQCe FIRST SyMe=INFRARFU SFNeOps FOR SPACECRAFT GUID, + CONTROL
rFPORT NUMBER,/DESCoIPTION: PF 233-239
TATE: 1965 PP
¢ CR NASA NO.

NFSCRIPTORSS
2s RADIANCE (THEORETICAL 15 t1
4e  RACIANCE (pXPFRIMENTA] Y5 L )

AyTHCRS A )

2URELTA LAUNCH VERTCLE DOUGLAS AIRCRAFT CO.s INC,
sOURCE: DOLGLAS AIoCRAFT €O,y IMCe

RFYORT MUMBER/CESCRIPTION: SMabit6le

cATE: JUNE 1963 45pPP

rnC CR NASA NCe

rFeCRIPTORS?
15. LAUNCH VEWICLFS AND FACTLTT1E®

AUTHCRS? DOUGLAS ATIRCRAFT COss INCe
o RELYA SPACECRAFT DESIGN RFSTRAIMTS
sOURCE: DOYGLAS ATRCRAFT COas IMCo
RFPORT NUMBER/CESCRIPTION: SMa42367
RATES JULY 1664 8opP
cnC GR NASA NQe
CONTRACT NUMBER NAs 7-220
CFSCRIPTORS:
10s SPACECKAFT STRUCTURF
19¢ LAUNCH VEHICLES AND FACTLITIES

AUTHCRS$ DOUGLAS AIRCRAFT CO.s INC,
p DELTA AND IMFRCVED DELTA PeeIch AMD CAPARILITIES

SOURCE: DOUGLAS AIRCRAFT CO4¢ IMCe

RFPORT NUMBER/CESCrIPTION: SMa&®243

CATE: AUGUST 1964

DDC CR NASA NOe

RFSCRIPTORS:
19, LAUNCH VERICLES AMD FACTLITIES

AUTHCRS: DRAYSONs+Se R,

n ATMOgPHERIC TRARgMISSIOM TN yHE C0(2) BAMDg RETWEEN 12 MICRONS
oAND 18 MJCRONS

ScyRCE: APPLIEC opTICS

pFYORT NUMBER/CESCRIPTION! VOI « 5¢NODs3spp 3852391

CATE: MARCH 1966 o7PP

rnC OR NASA NOe

rFeCRIPTORS !
2e RADIANCE (THEQRFTICAL 1% 1)
3¢ RADIANCE (THEORETICAL OTHER)




[

211,

306,

36.

SECRET

40

AUTHCRS

SouURCE: MICHIGAN, (NIVERSITY nF
RFYORT NUMBER/CESCRIPTION!
nATES APRIL 1965
ChC OR NASA NOe TN D=2744
CONTRACT NUMBER NASRe54(03)
PESCRIPTORS
la ATMOSPHERIC PHYSICS
3¢ RACIANCE (THEORETICAL OTHER)
18s METEOROLGGY SUMMARY STYUPIFS

AUTHCRS:
STEPHENS s J» Je

.
o wIND AND TEMPERATURE IN THE ATMOSPLFRE BETWEEN 30 AND 80 KM -

POUARTERLY TECHNICAL REPORT Nn, 21
SOURCE: UNIVERSTTY OF TEXAS
PEPORT NUMBER/CEcCRIPYION:
PATE: 1 JULY 1965-30 SEPTEMPER 1965
nnC CR NASA NOe 475097
CONTRACT NUMEER DA=23-072-AMCe]564 (@)
CFSCRIPTORS:

18e METEORCLCGY SUMMARY STYURIFg

AUTHCRS?

o HORIZON pETECTION TgcHNIQUEE PKOVIGTNG 0405 DEGREES ACCURACY

oAt LOw SATELLITE ALTITUDES
sOLRCE? PRCCEDLREe IR1g

DRAYSONYS, R,
o ATMOSPHERIC SLAMT PATH TRANGMpSSIOKN [N THE 15=MJCRON COt(2) BAND

104PP

DUCHON,Ca E,

JEHNWKs He

&pp

DUNCAN+J.

pFPORT MUMBER,LESCRIPTION: VOI 4 99 MGe 1a BP 155=159

LaTe: JANUARY 1964
rpC CR NASA NOe

rESCRIPTORS

2e¢ RACIANCE (THEQRETICAL 1% 1t )
7+ HORIZCN gpMSCRS

ATHORS:

o INFRARED HOR]Z20n SEMSORSINERCR|OTYCMS OF CLASSIFIED MSTRUMENTS

SOURCE: UNIVERSITY OF MICHIGAM
PEPORT NUMBER/CESCRIPTION! 23P9.6N.T]
CaTF: APRIL 1965
nnC CR NASA NOe
CANTRACT NUMBEK NONR 12241(17)
CFSCRIPTORS:

6e FRADIOMETERS

7¢ HORIZON SEFSCRS

AUTHCRS ¢
WOLFE JWe
BLRINeJe
o INFRARED HOR1ZCM SENSORS
cQuRCE: UNIVERST1y OF MICHICAm
pFPORT NUMBER/CESCRIPTION: 23ep9-pnaT
caTE: aPRIL 1965
£nl CR MASA NOe MAYSC p=2481
CONTRACT NULMBER NONR 1224(12)
CFsCRIPTIORS?
2a RADIANCE (THEORETJCAL 15 1' 2
3¢ KRACIANCE (THEORETICAL OTHFR?
4e¢ RACIANCE (FXPERIMENTAI 15 |y )
5. KRADIANCE (EXPERIMENTAlL Mrupo)
6s RACIOMETERS
7+ HORIZON SENSCRS

DUNCAN,J,

44pPp

DUNCAN U, Ve
s OPPFL,Ge F,

31aPP

191
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275.

35Ra

4la

[

CONFo |

304,

3nh.

AITHCRS: DUTSCH,,H, 1),
7 0ZONE AND GENFrat CIRCULATIAN M THF STRATOSPHERE=F TNAL REPORT:
nvepRTICAL GZONg CISTRIRUTIOM myeR ARGSRA
souPCED CAMBRICGE RESFARCH CEMTFL (AR FQRCE)
pFPOKT MUMBER/CESCRIFTION: AFCRF=TR=59-290
BATE: SEFTEMRER 1959 45pPP
poC GR NASA NCe 230332
COMTRACT NUMBER AF 61(514)=~00=
CESCRIPTORS S
14+ METEQRCLOGY = SYNOPTlc sTulrTgs
18« METEORCLGGY SUMMARY STURIFS

AUTHCRS ! DUTSCHh, (1,
o yERTICAL OzONE DISTRIBUTINN QuERr AROGA, AuGUST 1963 =
unRFCEMLER 1964
2OURCE: LICHTKLIMATISCHES GHSERUATGRINM
FFHORT MUMBER/CESCRIPTION: AFrFgl =65-419
DATE: MARCH 1965 72PP
rrC CR NASA NOo. 619251
¢COCMTRACT NUMBER AF-ECAR 62-11%
rFSCKIRTCRS S
ls  ATMOSPFERTIC FHYSICS
18e METECGRCLCCY SUMMARY STUnIFS

AUTHCRg: EARLE+M, D,
u ,NpRARkD HCRIZCM SENSOR ACCIIRACY TN ThE ATMOSPHERTC ARSNRPTION
n]ANDS
enRCEL AEROSPACE CCRPORATIPN
RFFPCKT NUMBER/CESCRIPTIONS
RATFS JUNE 1964 410p
EnC CR NASA NOe 460973
ConTRACT NUMBER AF 041(695)«260
RFSCRIPTORS !
7s  HORIZON =FMSCRS

AUTHCRS: EARLE+Me Do
o FORIZON SENSCRS AND HORIZNN PoGKIlI E MEASURFMFNTS
sOURCE: AEROSPACF CORPORATINN
RFFPORT MUMBER/CESCRIPTION: TOPatpQ(5]1R7_38)w)
FATES FEBRUARY 19¢5 24PP
cnC CR MASA NO. 358668
cCHMTRACT NUMBER AF 04(695)-060
RFSCRIPTORS S

2e RADIANCE (THEQRETICAL 15 t1 3

4s  RACIANCE (EXPERIMENTAL 15 )

Te HORIZON SENSCRS

AUTHCRSS EDDY A,
STEPHENS sy us Jo + HARAGAN,D, R,
JEHsKe He ’

o wIND AND TEMPERATURE N TRE ATMOSELFRE BETWEEN 30 AMD 80 KM =
onUARTERLY TECHNICAL REPORT Nm,e 7
SoLRCE: UNIVERS1TY QF TEXAS
PEPORT NUMBgR/pDESCRIPTION:
FaTEd 1 July 1964230 gEPTEMRER 1964 21pp
pnC CR NASA NO, 479093
¢CNTRACT NUMBER CA=23-072-0PDo1%p4
CFSCRIPTORS !
18e¢ METEQRCLCGY SUMMARY STUN]FS

AUTHCRS: EDDY A,
STEPHENS'J. Je [ DUCHON!C. Fo
JEHNsK, H, ’

o IND AND TEMPERATURE IN THE ATMOSDHFRE BFTWEEN 3p AND 8p KM =
pqUARTERLY TECHNICAL REPORT Nme 19
SCURCE: UNIVERSITY OF TFXAS
PFFORT NUMBER/CESCRIPTION:
CATE! 1 JANUARY 1965<31 MARrH 106% 17pp
ppC OR NASA NQOe 479095
CONTRACT NUMBER DA=232p72=0rD.15%64
DFSCRIPTCRSS
18« METEOROLCGY SUMMARY STUNIFS




Y

354,

310.

346.

253,

255,

42,

AUTHCRS? EDDY A,
STEPRENSvue Je s HARAGAN,D. Ra
JEHNKes Ha ’

o WIND AND TEMPERATURE IN TWE ATMNSPHERE BETWEEN 30 AND 80 KM =
nQUARTERLY TECHNICAL REPORT Nme )%
SOL.RCE: UNIVERSITY OF TEXAS
RFFORT NUMBER/CESCRIPTION:
DATE: 1 OCTYOBER 1964=31 DECFMPEnR 15k4 9pp
pnC CR NaSA NO, 479094
CONTRACT NUMBER DA=23=072-0RD=1rg4
NFsCRIPTORS?
14e METEQRCLCGY = SYNOPTIC STIHDITES
18+ METEORCLOGY SUMMARY STUPRIES

AUTHCRS ¢ EHLERS D
o TEMPERATURE MpASUREMENT O rAPTy AND CLOUBS FRSS A gAiELL]TE
SOURCE: PROC, ~ SFCOND syMPRgry™ On RFMOTF SFMSING OF ENyTRONMENT
RFFORT NUMBER/CESCRIPTION: 48s4=3=xy np 235-245
RATE: FEBRUARY 1663 _31PP
nnC CR NASA NOs
CONTRACT NUMBER MOMR 1224 t44)
CFSCRIPTOURS
4o  RADIANCE (EXPERIMENTAl 15 y )
5« RADIANCE (FXFFRIMENTAI NYUER)
7¢ HORIZON SEMSCRS
l4e METEQRCLOGY = SYNOPYIF «71iDTE<Q

AUTHCRS: FLSASSER ywa Me
CULBERTSONsMe Fo .

o ATMOSPRERIC RARIATION TABIEe

sOURCE: METEQRCLCGICAL MQONOCKAPHS

RFPORT MUMBER/CESCRIPTION: VOI « 4 MO. 23, PP 1=43

RATF: AUGUST 1960 43Pp

PRC CR NASA NOe

CFsCRIPTORS !
le ATMOSPHERIC PHYSICS
18+ METEORCLCGY SUMMAFY STUPIFS

AUTHCRS? ELTERMAN, L o
o PARAMETERS FCR ATTENUATIOM tH TRg ATMCSPRERIC WINDOWS FOR
oF LFTEEN WAVELENGTHS
SOURCE: APPLIEC CPTICS
REFCRT NUMBER/CESCRIPTION: VOl « 34 MCu 64PP T645=749
CATES JUNE 1964 0SPP
cnC CR MASA NOe
RFSCRIPTURSS
le ATMOSPHERIC PHYSICS

17+ MgTEORCLCGY =STATISTIrFAl STipTes

18e¢ METECROLOGy SUMMARYy STUNIFY
AUTHCRS: ELTERMAN L,

u ATMOSPHERIC ATTENUATION MADFL. 19644 1K THF DLTRAVIOLET,
ovISIBLEs AND INFQRARED REGIONE Fowe BLTITUDES To 50 K
SOURCE? C(AMBRICGE RESFARCH t APOPATOFIFS (AIR FORcE)

RFPORT NUMBER/CESCOIPTION: AFrRl «f4=74Q

CATES SEPTEMEER 1964 45pp

rDC CR NASA NOe

DFSCKIPTORS!
1o ATMOSPhERIC PHYSICS
17« METEORCLCCY =STATISTIFA! STIDTES
18+ METEQORCLCGY SUMMARY STU™IFs

AUTHCRS? EPSTEINsF, S,

o RAyFSIAN AppkCACH 7O DECIeInn MAKTNG T APPLIED METEOROLOGY
SOURCE: APPLIEL METECROLOGY Jnipiahl

RFFORT NUMBER/DESCRIPTION: VOl , 14PP 169-177

CATE: JUNE 1962 osprP

Rl CR NASA NOe

CESCRIPTORS
17« METEQRCLCGY =STATISTICAL STIDIES
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320.

360,

43,

44,

101.

45

AJTHCRS?
HAGGARD, Ga

ESSENWANGER 0

o FREQUENCY OF CLeouDS IM HETGHT LAYFRS FOR RERLINM (TEMPELHOF)
SOURCE: U, 5, ARFY ORDMANCE MtSSILE COMMAND

RFPORT NUMBER/CFSCRIPTION: VOl e 1+ PP 560=569

BATES DECEMBER 1662 10pp

pC OR NASA NCe

CESCRIPTORS !
J4e METEQRCLGGY = SYNOPTIr STUDTES
18 METEORCLCGY SUMMARY STURIFS

AyTHCRs @ EwWEN KNIGHT CORP,
b CXYGEN HCRJZCN SEEKER, THFORETICAl ANALYSIS
so'RCE: EWEN KN1GrRT CORP,
pFPORT NUMBER/CESCRIPTION: AFCR! -A4=141
EATE: 14 FEBRUARY 1964 47PP
rnC CR NASA NOe 600783
CONTRACT NUMBER Ar 191(628).3279
PFeCRIPTORS?
3¢ RADIANCE (THEORETICAL QTHER)
7+ HORIZCN SENSCRS

AYTHCRS: FAIREsA, C,

CHAMP]ONsK, S, e ]
o FALLING gPHERE FFAgIREMENTS OF AT™GogPHERIC DENgITYy TEMPERATYRE
oAND PKESSURE LP T 115 KV
SAURCE?: SPACE RgSEARC(H V
RFPORT NUMBER/LFSCRIPTION: ¥I,.1%
RATES: 1965 19pp
£nC CR MASA NOe

NFSCRIPTORS!?
le ATMOSPFERTC PHYSICS
18s METEORCLCCGY SUMMARY STUNIFS

AUTHCRS? FALREL «G,
ASTHE IMER R, W, ’
o INFRARED HORIZONM SENMSOR TFCHNTQUES FOR LUNAR AMD PLANFTARY
nApPROACHES
soPCE: ATAA GLICAMCE AMD CONTROL CPMFEPEMNCE
RFPORT NUMBERCESCoIPTION! €3.3%8
CATEF: 1963 14PP
rnC CR NASA NCe

CFsCRIPTORS:
7+ HORIZCN SEMSCRS

AUTHCRS!
ncuég:-AggggAcv HORPIZON SENSUP NSTNG FIRM
SCURCE! . FIFST SYM =INERARF) SeNeO

RFPORT NUMBER/CESCRIPTIONT PP 1:9-574 PS FOR SPACECRAFT GUID, + CONTROL
CATE: 1965 Lepp

cnC CR NASA NO.

FALBEL G,

CESCRIPTORS $
7o HORIZON SENSCRS

ALTHORS
B CELL STRUCTURE OF THE ATMngnHERF- DrLIBERATTéﬁgTén.ENFRGY
DASPECTS OF LARGE=SCALE CRCUI AT{ONS i
SOURCE: Yo Sa ARMY-EROPEAN RFSFARCH OFFICE
RFPORT NUMBER/CESCRIPTION:
CATE: NOVEMBER 1963
rpC CR NASA NCe 433768 12PP
CONTRACT NUMBER DA~91-591«Fi1Ca2947
CFSCRIPTORS:
le ATMOSPRERIC PHYSICS
18, METEORCLOGY SyUMMARY STyNIFg



o

-

47,

48

2613,

280

AUTHCRS: FAUST oHe .
o CELL STRYCTURE OF THE ATMNSPHCRF= FURTHER RESULTS ON HOMO=AND
opt EISTO~LAYERS IN THE ATMOSPHERE
SOURCE: U, S, ARMY-ELROPEAN RFSFARCH OFFJCE
RFPORT NYMBER/CESCRIPTION:
DATES JUNE 1965 22ppP
rpC CR NASA NOe
CONTRACT NUMBER DA 91=591e«E1C=3784
CESCRIPTORS:
1= ATMOSPhERIC PHYSICS
18¢ METEORCLOGY SUMMARY sTURIFS

AUTHCRS: FAUST oHe
o CELL STRUCTURF OF THF ATMNSDHFRFe MFAM MCNTHLY DISPFRSION OVER
rgAN JyAN AND CIFFFRENCFS OF PRFSSUPEs TEMPERATUREs AND DENSITY
o TO A HEIGHT Ce 25 KM BRETWFEM SA™ JUAN ANN ALRROOK
SQURCE: Us Se ARMy=EUROPEAN RFSFAPCH NFFICF
RFPORT NUMBER/CESCRIPTION?
CATE: JANUARY 1965 23PP
npC QR NASA NOe
CONTRACT NUMBER DA 91=591«EnC.3737
DFSCRIPTORS S
14 METEOQRCLOGY = SYNOPTLF STUDTES
15¢ METEORCLCGY = RAW DATA
17« METEORCLCGY =STATIST]cAt STUDIES

AUTH(ERS: FINGERF, G
o syROETIC ARALYSTe PASED of enCRON G B
L YSIs oM vETEOROLN ‘K
SCBRCE: GECPHYSTCAL RF?EAPCU JO:E"zlL CICAL ROCKFTSONDE DATA
REPORT NUMBER/CESCRIPY{ON: VOI | 67,MG,5,PP 1377=1399
FPATES 1 MARCH 1963 23PP
CnNC CR NASA nNQge

CEScRIPTORS
l4e METEORCLOGY = SYNOPTIC sTuDIES

AUTHORS: N
HC:F{:AE.M- FZ\T . ;;W?E?;t; o
o Pl VARJATION CF WIND, PRFSSLR M SERATURE
D LA AR 1 I UREs AMD TEMPERATURE N THE
SOURCE: APPLIEC METECROLOGY JagenaL
REFORT MUMBER/CESCRIPTION: VOI | 44 MO, §, PP g32e435
ratfs: OCTOBER 1965 PP
tnC CP NASA NO.

CFSCRIFTORS:
l4e METEQGRCLCGY = SYNCPTIC <TtiDIES
18, METEORCLOGY SUMMARY S5TUR[Fg

AUTHCRS? FINGERF, G,

] q%ﬁéoﬁii;ugés CF THE CIRCILATIOM AT TH 16 SSREGQEAH. ﬁ.L
HTUROUGH JUNE 1950 £ ' €r SUbY 1938
SOLRCEL MONTHLY WEATHFR REVIEW

RFFORT NUMBER/CESCRIPTION! vOl o 91, NOo 5y PP 191=205

CATE: MAY 1963 15pp

£pC CR NASA NQOe.

FFSCRIPTORS?
14, METEQRCLOGY = SYNOPTIEC STULTES
16e¢ METECRCLOGY = STRATN WARIGINGS
18¢ METEORCLOGY SUMMARY STUPIFS
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349, AUTHORS: FINGERWF, G,
MASON (Re B s TEWELES,S,

t DIYRNAL VARIATION IN STRATQePHERIC TEMPERAYURES AND HEIGHTS
tREPORTED BY ThE UlSe WEATHFR PUKFAU OUTRTGGER RADIOSOMDE
SOURCE: MONTHLY LEATHER REVTEL
PEFPORT NUMBER/CFSCRIPTION: VYOI o 924 NMe 54 PP 243250
RATES MAY 1964 aPp
£nC LR NASA NC.

RFSCRIPTORSS
l4e METEQRCLOMY = SYNCPTIr STIDIES
17« METEORCLNGY =STATISTICAlL STUDTES

Z27R. PMUTHCRS! FITZGERALD «Re Jo
p MEASUREMENT AKL FILTFRING [FCHrTLUES FOR ORBITAL NAVIGATION -
nPROCRAM FoRMyLATIGN
e RCE: RAYTHECM (rhbamy
REPORT NUMBER/LESCRIPTIOND ARAL=-T19=65<17&
rATE: 30 JuLY 196% 93pP
tnC CR NASA NQe 4£763)

LFeCRIPTORS?
7e HORIZCN sEMSCRS
Be ATT MFASMT (EXCL HOR1I?0M SE™SRS)
9« ATTITUCE CCMTROL
2le DATA REDILCTICH

2n4. AUTHCRS: FOWLERWR, 2
p ATTITUDE CONIRCL STUDY FOP MIMpLhy MPTEQRCALAGICAL SATFILITES
SCURCE: [TRACCs thc,
PFFCRT NUMBER/CFECRIPTION: MOMTHLY REPORT MG. 317
BATE: 20 SEPTENMBFR 1965 240P
rnC CR NASA NCe X6A=10819
CONTRACT NUMBER NAG 5-3696
CFsCRIPTORS:
7¢ HORIZCN SEMSCRS

2n5. AUTHORS: FOWLERWP. 7+
u ATTITUDE CONTRPCL STUDY FOF MIENS MrTECROLOGICAL SATELLITES
¢ouURCET ITHACCs INCe
RFHORT NUMBER,LESCRIPTION: MOMTHLY pEPOPT NO, 16
saTES 10 AUGULST 1565 18FP
cnC OR NASA NOe x66-10818
¢CNTRACT NUMBER NAS 5.3696
LFSCRIPTURSS
7« HORIZON SEMSCRS

2n6. AUTHCRS: FOWLERWR, 7o
B ATTITUDE CONTRCL SYSTEM FrR NIMPue “ETEOROLOGICAL SATFLLITES
SOURCE: JTHACCy [NCe
FEMORT MUMBER/CESCRIFTION: MOmTLLY DEPORT MC. 18
CATES 8 OCTOBER 196° 24pp
~nC CR NASA NOs X66-10824
CONTKACT NUMBER hAG S5=3696
rFSCRIPTORS:
7+ HORIZCN SENSCRS

377. AUTHCRS: FOWLERWR, Ze
o ATTITUDE CONTROL STUDY FOoP MIMWpii§ MEFTEOROLOGICAL SATELLITES
SOURCE: ITHACCy INCe
PEFPORT NUMBEK/CESCRIPTION: MGMTHLy PEPORT NO. 13
CATES 10 MAY 1965 31Pp
rnC CR NASA NCe Xg5=18670
cOMTRACT NUMBER NAa 5-3696
FFSCRIPTORS!
7« HOR]ZCN SENSCRS
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s1l.

258,

274,

AUTHCRS? FRAZIER W,
KRIEGSMAN,Be s NESLINE UR.eFe We

n SELF=CONTAINED SATELLITE MAVIGATIOMN SYSTEMS

SOURCE: AIAA JCURNAL

pFPORT NUMBEL/CESCRIPTION! VOI »)sMCe9spp 23102316

CATES OCTOBER 1963 07PP

tnC CR NASA NCe

nFsCRIPTORS!
7« HORIZON SENSCRS

AUTHCRS? FRITZ:Se
RAOPe Ko s WEINSTEINM,
o cATELLITE MEASURFMENTS OF Refpl ECTFD SCLAR ENERGY AND THE ENERGY
oRECEIVED AT ThE GRCUNP
sOURCES ATMOSPHERIC SCIENCEe .1011KMAl
RFPORT NUMBER/DESCRIPTION? VOI o?214hMe?sPP 141-151
DATES: MARCH 1964 11
roC OR NASA NOs

PFSCRIPTORS?
Se RADIANCE (EXPERIMENTAI NTHER)
14¢ METEURCLCGY = SYNOPTIr STUDTES

AyTHCRS S ] GEOPHYS1CS RESEARCH DIRECTORATF
n HANDBOOK OF CECPRYSICS .

coRCE: CAMBRICGF RESFARCH CEmMTFR (MIP FCRCE)

EFPORT NUMBER/CESCRLIPTION: pEVISEN FDTTIGN

raTE: 1960 656PP

tnC CR NASA NOe

CFgCRIFTORSS
le ATMOSPRERIC PHYSICS
14s METEORCLCGY = SYNOQPTle SfupTgs
15+ METEQORCLGCY = RAy D#TA
164 METEORCLCGY = STRAT, wAPHINGS
17¢ METEQORCLCGY =STATISTIFAl STUDTES
18« METEQRCLCGY SUMMARY STUTIFS

AUTHCRS: GERGEN+J, Lo
1 ATMOSPHERIC ENMERGY CALCULATTOMS kFLATED 10 RADIATION
NORSERVATIONS

SOURCE: ATMOSPRERTC SCIENCES .JOrRMa

REFORT NUMBER/CESCRIPTION: WOl 2N W2 ,PP 152=161

CATE: MARCH 1965 10FP

nnC GR NASA NOs

NLESCRIPTORS
3s RADIANCE (THFORETICAL QTHFRY
Se  RACIANCE (FXPERIMENTAI PlHgP)

A THCRS § GERGENsJ, Lo
p ATMOSPHERIC INFRARED RADIATOM NyrR MINNpAPCLIS TO 3p MILLIBARS
SOLRCE: METECRCLOGY JOURNAL
PFPORT NUMBER/CESCRIPTIONS: VOl o 144 Ny 64 PP 494=504
FATE S CECEMBER 1957 11pP
tnC CR NASA NC»
CONTRACT NUMBER NOMR 710(01)
CFSCRIPTORS:
le ATMOSPHERIC PHYSICS
184 METEORCLCGY SUMMARY STyRIiFs

AUTHCRS? GEFRGENJ. Le
HUCHeWwe Fo ’

o SYNOFTIC STUCY Ot [NFRA=RFL RFDTATINN OYER THE UNTTER STATES

sOURCE! NATURE

RFPORT NUMBEL/CESCRIPTION: VOI o 1Rpe M0, 47234 Pp 426=429

nATE: 7 MAY 1960 4Pp

£nC CR NASA NQe

NFSCRIPTORS

5¢ RADIANCE (EXPERIMENTAI NTHER)
14 METEORCLOGY = SYNOPTIe STURTES

197



198

53.

54,

LT

273,

60,

Ale

AUTHCRS ¢ GIRAYTYS Je

RIPPYs He R, .
n THE USAF METEOROLOGICAL RACYET SCUNPIKG METRORKS PRESFNT AND
nFUTURE

SOURCE? AMERICAM METEOROLOGTCAL SOCTETY RULLETIN
RFPOKT NUMBER/CESCRIPTION: yOl o454it0e 74PP 382-387
RATE: JULY lg6é 06PP

BRC CR NASA NGe

DFSCRIPTORS:
11e  TRACKING AND DATA AcQUISITIN
1ee METEORCLCGY SUMMARY STUR]IFS

ALTHCRS? GLAHN+He R,
ELLIS«J, O, .

o NOTES ON THE DEJFRMINATIOM AF PRCHARILITy ESTIMATES

SeuRCE:D APPLIEL MFTECROLOGY JnypiAL

REPORT NUMBER/UESCRIFTION: VOt 2, PP K47=650

CATE? OCTOBER 1964 04PP

cC CR NASA NCo

rESChIFTCRS
17 METEQRCLCGY =STATISTICAl <qiDTEg

AUTHCKS: GODDARD sPACE FLIGHT CENTER
o SATELLITE JRACKING AND DATA ACGUISITIGH METWORK FACILITIES

oREPCRT (STADAN)

SOURCE: GODDARL SPACE FLIGHT FEMTFK

PFFPORT NUMBER/CESCRIPTION: X=g3°-g4=159

CATE: JUNE 1964 130pp

rpC CR NASA NCe

FFSCRIPTCRS
11. TRACKING AMD DATA ACQUISITINN

13« MISSICN PRCFILE

AUTHCRS S . GODDARD &PACE FLIGH] CENTER
B AVAILABILITY Op RACTATION pATr ERMM THE TIROS I1e I11, IVs AND

uyll SATELLITES

eqURCES: GODDARC spACF FLIGHT FEMTFR

gFYORT NUMBER/DESCRIPTIONS M6R=7Q4gR

CATE: 2pp

EnC CR NASA NCe THX=5474]

RESCRIPTORS:
4s RADIANCE (EXPERIMENTAL 15 U )
5e¢ KADIANCE (EXPERIMENTAI Nitge)

AU THCRS! GOETZE D,
GHOSCHOCQ Eo L]

© FARTH-EMITTEC I1:FRARED RAPJATIOM TNCIDENT UPON A SATELLITE

s0,RCE: AEROSPACF SCIENCES JOnRMA!

FFPCKT NUMBER/CESCRIPTION: YOj «79sM0.54PP 521524

raTF: MAY 1962 04PP

rnC CR NASA NOe

CFSCRIFTORS?
2o RACTIANCE (THEQRETICAL 1 '
3¢ KAGIANCFE (THEFORETICAL OTHER)

AUTHCRS! GOLDSHLAK oL s
WIDGER JReshe Ko .

o NIMBUS Il DATA CODE EXPERTMENT

enRCE: GODDARD SPACE FLIGHT FENTFR

REPORT NUMBER/CESCRIPTION! 9G76=-2

RATE® JANUARY 1946 60PP

nrDC CR NASA NOe

CONTRACT NUMBER NAS5=-10114

CESCRIPTORSS
1le TRACKING AND DATA ACQIISITINN

20s DATA HANDL ING




62,

4104

315,

254 .

3hb6a

AUTHORS GOODY Ry M,

o TRANSMISSION CF RADIATION TuRNUGH AM INHOMOGENEOUS ATMOSPRERE
sOyRCE: ATMOSPHERIC SCIENCES .JOIRMAL

pEPORT NUMBER/CESCRIPTIONS VYOl «2L*NNeAhsppP 5752581

RATE: NOVEMBER 1964 o7PP

noC CR NASA NQe.

BFSCRIPTORS?
le ATMOSPHERIC PHYS51CS
2e  RADIANCE (THEORETICAL 15 U
3¢ RADIANCE (THEORETICAL OTHFR)

AUTHCRS GOSDINsM. Fa
oMFTEORCLOGICAL SATELLITE PHOTORKAPHS AS INDICATORS OF
oCYCLOGENESIS AND THE RELATFD CiGi'D DISTRIRUTION AND STRUCTURE
BNOVER THE GULF OF MEXICO = A CASE S$TUDY

SOURCE: TEXAS AsM yUNIVERSITY

REFORT NUMBER/CESCRIPTION!

CATES! AUGUST 1964 49PpP

npC CR NASA NOe 605385

RFSCRIPTORS!
18¢ METEORCLCGY SUMMARY STUPIFS

AUTHCRS$ GRAYDs E,(EDITED BY)
o AMgRICAN INSTITUTE OF PHYSIrS HANPROOK

SoURCE: MCGRAW=HILL BODK COMPANY

REFORT NUMBER/CESCRIPTION?

RATE: 1963

npC CR NASA NOe

BFSCRIPTORS!?
le ATMOSPHFRIC PHYSICS
2e RACIANCE (THFORETICAL 15 1M )
3+ RACIANCE (THEORETICAL OTHFK?
14¢ METEORCLCGY = SYNOPTIr STIDTES

AUTHCRS: GRAy,F. B,
o INFRARED INSTRUMFNTATIOM TN SPACE EYPLORATION! INTRONDYCTORY
uREPCRT

SOURCE: INFRARED ¢pECTRA DF AeToOMO™iCcAL BODIES
RFFORT MUMBER/DESCLIPTION: PP 94-1G6
NATE: 24=25=20 JUME 1663 11PP
rnC CR NASA NOs 602936
coNTRACT NUMBER NAS 7-100
NFSCRIPTORS;

6e RADIOMETEPS

7« HORIZON SFHSCRS

AlJTHCRS GREAVESeJs R,
WEXLER sR @ s BOWLEYC, Jo
o FEAS{BIL[TY CF SEA SURFACF TE“PFRATUIRE DETERMINATION (j51NG
OSATELLITE INFRARED CATA
snBRCE: ARACON GFCPHYSICS Cn,
REFCRT NUMBER/CESCPIPTION: nGt6=F
PATE: NOVEMBER 1965 41PP
tnC CR NASA NQ.
CONTRACT NUMBER NASK=1157
RFSCKIPTORSS
4a  RADIANCE (EXPERIMENTAI 15 y )
Se  RADIANCE (FXPERIMENTA} NTHEP)
18 METEQRCLCGYy SUMMARY STUNIFg

AUTHCRS: GRIEPsD, J.
o FLECIRONICs RESFARCH PROGPAM-c<ATEILTTE ATTiTUDE CoMrrOL SYSTEM
oF XPERIMENTS
SOURCES AEROSPACE (ORP,
PEPORT NUMBER/CESCRIPTION: tDp=-269 (425(p=32)=3
CATE: 1 JANUARY=30 JUNEW1964 76PP
cnC OR NASA NOe
CONTRACT NUMBER AF 04(695)=260
CFSCRIPTORS:
7¢ HORIZON gENSCRS
8¢ ATT MEAgMT (ExCl. HOPIZOM sgMghg)
9 ATTITUDF cONTROL
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389+ AlTHCRS!? GPIFFITH.N.

63,

398,

227.

316,

o VIBRATIONAL RELAXATION TIMEe Ty ASES
SCiRCE: APPLIED PHYSICS JOUPNAL

RFPORT NUMBER/DESCRIPTION: YOI, 21, HR. 124 pp 1319-1332
CATE! DECEMBER 1950 14Pp

rnC OR NASA NO.

CFSCRIPTORS?
le ATMOSPHERIC PHYSICS

AUTHCRS! GRIFFITHW,
o vIBRATIONAL RFLAXATION TI™Ee TN GBSFS

SOLRCE: APPLIEC pHYSICS JOUPNAL

RFPOKT NUMBER/CESCRIPTION: VO, z1, PP 1316=-1325%

CATE? DECEMBER 1950 PP

£nC CR NASA NG

RFSCRIPTORS!
le ATMOSPHERIC PHYSICS
AUTHCRS: GROVES G, V.

0 MEJEQGROLCGICAL AnD ATMOSPHERTF sTryrTURE STUPIES wITH GRENADES
sCURCES SPACE RESFARCH 1V

REFPORT NUMBER/CESCRIPTION: 11,3

RATES 1964 15pp

cpC CR NASA NC,

RFSCRIPTCRS:
14« METEORCLCGY = SYNOPTIC s711DTES
18 METEORCLCGY SUMMARY STUr(FS

ATHCRS GRUMMAN ATRCRAFT ENGe CORP.
o APCLLO APPLICATICNS PPOGRAM =~ HPE( [MINARY PEFIMITION STUDY OF
nyTILIATICN OF LEM = ADDENPUM Y1 - SPECIAL g1yDy REPORT =
HFxPERIMENy EFFECYIVENESS STyuPY FNR THE LEM
SCURPCE! GRUMMAN AIoCRAFT ENme CORP,
KEPCRT NUMBER/CESCPIPTION: 37aC-)
CATF: 28 MARCH 1964 67PP
r5C CR MASA NG
CONTRACT NUMBER MAS 9-4983
NFSCRIPTORSS
13e¢ MISSICN PROFILE
19¢ LAYNCH yEHICLES AND FACTLTTTRS

AUTHCRS: GUBAREFF 4G, Ga
JANSSEN,Je Eo y TORBORGR. He

n THERMAL RADIATICN PROPERTTEe gymVFY

0I.RCE: HONEYWELL RESEARCH CEMTFR

FFMCRT NUMBER/CESCRIPTION?

RATE: 1960 293pp

rpC CR MASA NQe

rFeCRIPTORSS
le  ATMOSPHERIC PHYSICS
18 METEORCLCGY SUMMARY STiimleg

AUTHORS: GUSHCHIN G, P,

SHATUNOV 14 A, .
p ATMOSPHERIC CZCNE AND JET STRFAMg
SOURCE: U, S, CEPARTMENT OF CNAMMLR(CF
REPORT NUMBER/CESCRIPTION! TTege~30052
CATES 6 JANUARY 1965 L9pp
cpt OR NASA NOe M65-13848

NFSCRIPTORS Y
le ATMOSPHERIC PHYSICS
18¢ METEORCLOGY SUMMARY STUNIfFS




64

347

A5.

21R,

2964

2qn,

AUTHORS ! HALEsJe Re

n STUDY OF THE LIMB CF THE FApTW AT ULTRAVIOLET WAVELENGTHS
coyRCE: MASSAChUSETTS INSTITUTE OF TECHNOLNGY

pFFPORT NUMBER/CESCRIPTION: F-1843

DATE: SEPTEMBER 1965

£pC OR NASA NOe

BESCRIFTORS?
3, RADIANCE (THEORETICAL OTHER}

AUTHCRS! HaLL+Ae R
SABATINIsRe R s SISSALA,J. E,
NOVOTNY ske ,

o oRBITAL ANp MpTEORCLOGICA! pArTORS PERTIMENT TO SATELLITE

nTRANSMISSIONS CF FACSIMILE wFATHFR CHARTS

soBRCEz ARACON GEQPHYSICS Cne

RFPORT NUMBER/CESCRIPTION: oG23~F

RATE?! DECEMBER 1965 129pPP

opC CR NASA NQOe

CONTRACT NUMBER NASS5=g5464

RESCRIPTORS !

20, DATA HANDL ING
2le DATA REDUCTICN

AUTHCRS? HANEL sRe A,
BANDEEN+We R, s CONRATHsB, J,

p IMFRARED HORIzCr OF THE PI AMET FARTH

cOI:RCE: ATMOSPRERIC SCIENCE= JOuRMAL

RFPORT NUMBER/CESCRIPTION: VOl o 2Ny PP 73-86

CATES MARCH 1963 14PP

rRC CR NASA NO»

rFSCRIPTORS S
2e RADIANCE (THEORETICAL 1% ¥t
3« RADIANCE (THEORETICAL OTHFR)

A'THCRS? HANEL sRe A,
BANDEENsW,. Ko s CONRATHB, J,

o INFRARED HORIZGM OF THE P1 AMET FARTH

sORCEt GODDARC SPACE FLIGHT FEMIFR

PEPORT NUMBER/CESCRIPTION:

RATE: SEPTEMBER 1963 21PP

nnC CR MASA NOe TN D=-1850

CFSCKRIPTORS
2e¢ RACIANCE (ThEORETICAL 1% 1)
3. KACIANCE (THEQRETICAL OTHFR)

AuT:iZféR N K HARAGAND, R,
N 9N . R R
o wIND AND TEMPERATUKE IN THE ATHASPKFRE BF{NSENH200153'8§°KM -
oQUARTERLY TECRNICAL REPORT Nme 6
SQURCE: UNIVERSITY Cg TEXAS
REPORT NUMBER/CFSCRIPTION:
CATE? 1 QCTOBER 196131 DFECFMPREP 19A1 61pp
rnC CR NASA NOe 475082
CONTRACT NUMBER DA~23e72-0pPD=1F64
CESCRIPTORS?
18¢ METEQORCLCGY SUMMARY SyyPIFsg

AUTngzi Ne K HARAGANsN, R
WAGNERgNs Ko GERHARDT 4+ Je R
o IND END TEMPERATURE IN THE ATMNGDHFRE BF{weeN 30 Aﬁn'eo.km -

pOUARTERLY TECHNICAL REPORT Nn, &
SOURCE: UNIVERSITY OF TEXAS
RFPORT NUMBER/CESCrIPTION:
DATES 1 APRIL 1962=30 JUNF 19&2 37pP
rnC GR NASA NOs 479084
CCNTRACT NUMBER [A«23a072-0FD.15064
DFSCRIPTORS?
18¢ METEQRCLCCY SUMMARY STUNIFS
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3n1.

3n2.

3n3.

308.

340.

271,

AUTHCRS: HARAGAND. R,
WAGNERONe Ko

o WIND AND TEMPERATURE N TuE ATMNSOLERE BETWEEN 30 AND 80 KM =

nGUARTERLY TECHNICAL REPORT NA, 11

SOURCES UNIVERSITY OF TEXAS

RgPORT NUMBER/DESCRIPTION:

CATE? 1 JANUARY 1963=31 MARCH 1063 32pp

pnC GR NASA NOs 479087

CONTRACT NUMBER DA=23=p72-0PDalsgs

CEGCRIPTORS !
18¢ METEQRCLOGY SUMMARY STUN FS

AUTHCRS? HARAGAND, R,
STEPHENS sJe Js v JEHN«Ke H.

o wIND AND TEMPERATURE IN THE ATMPSPHERE RFTWEEN 30 AND 80 KM =

nQUARTERLY TECHNTcAL REPOPT Nm, 15

SQURCE: UNIVERSITY OF TEXAS

REFOKT NUMBER/CESCRIPTION:

CATES 1 JANUARY 1964=3]1 MARCH 1064 18pp

npC CR NASA NO, 479091

COMTRACT NUMBER DA=23=072-0PD=1s544

PFsCRIPTORS S
18« METEQRCLCGY SUMMAPY STURIFS

Al THORS: HARAGANsD. Re
EDDY A, v STEPHENS U, Je
KCWAL KV,

o IND AND TEMPEFATURE IN THE ATMNGPHFRF BFTwFFN 30 AND 8p KM =
beUARTERLY TECFNICAL REPORT Nne 16
SOtRCE: UNIVERSITY OF TEXAS
RFFORT NUMBER/CESCRIFTION:
RATE?: 1 APRIL 1964<-30 JUNE 19«4 24pp
rpC CR MASA NOe 472092
CONTKACT NUMBER [A~23-072-0Fl.1564
CFSCRIPTORS:
18¢ METEORCLOGY SUMMARY STUPRIFs

BUTHCRS? HARAGAN D, R,
STEPHENS sJe Je JEHN Ko H,

o ,IND AND TEMPEFATURE IN THE ATMNSPHFRE BETwEEN 30 AND 80 KM -

wOUARTERLY TECHNICAL REPORT Nn, 13

soUPCE: UNIVERSITY OF TExAS

RFPOKT MUMBER/CESCRIPTIONS

CATES 1 JULY 1963-30 SEPTEMRER 1943 12pp

cnC CR NASA NOe 479086

CoNTRACT NUMBER (/-23-072-0pDal%64

BESCKIPTORS:
18¢ METEORCLOGY SUMMARY STUPIFs

AUTHCRS? HARE sF o Ko (CHAIRMAN)
o SEMINARS ON THE STRATOSPHFRF AND ME<QSPHERE AND POLAR
oMFTEOROLOGY

SOURCE? CAMBRICGE RESEARCH | ARQRATORIFS(A[R FORCE)
RFPORT NUMBER/CESCRIPTION! AFFR! A4=-107
CATES 7 JULY 1963219 JuLY lsgé63 243pp
’DC CR NASA NOe 600664
CONTRACT NUMBER AF 19(604)=R42]
DESCRIPTORS!

le ATMOSPHERTIC PHYSICS

l4e METEORCLOGY = SYNCPTIr <TUIDTES

15, METEORCLCGY = RAW DAlA

16e METEGRCLOGY = STRATC wAPMINGS

17¢ METEQRCLOGY =STATISTICAI STUDIES

18 METEORCLCGY SUMMARY STUNIFS

AUTHORS! HARRIS I1leDs Lo

o LINgE~-ABSORPTION cOEFFICIENT prig TO nOPPLER gFFECT AND DAMPING
SOURCES ASTROPHYSICAL JOURNAL

RFPORT NUMBER/CESCRIPTION: VOI, 10Es PP 112~115

nATE: JULY 1948=-NOVEMBER 1948 4PpP

£pC CR NASA NOe

CFSCRIPTORS?
le ATMOSPFERIC PHYSICS




N

&7

66.

AR

2n3.

207,

&9.

AyTHCRS ¢ HARR]IS,1,
PRIESTER W, .

o LJURNAL VARJATIOM OF THE I'PPgP ATMOCPHERE

SOURCEY ATMOSPRERIC SCIENCES JOURMAL

REFORT NUMBER/DESCRIPTION: VOl o 22« NNe ly PP 3=9

DATES JANUARY 1945 07PP

£pC OR NASA NQOe

RESCRIPTORSS
14e METEQRCLCGY = SYNOPTIe STUDTES
18¢ METEORCLCGY SUMMARY STUDIES

AyTHCRS: HARRIS+M, Fa
FINGERWFo Go s TEWELES.S,

v DIURNAL yARIATIOM CF wIND, PRFSSyURE, AND TEMPERATYRE IN THE

oyROPOSPHERE AND §TRATOSPHEPE OVEP THF AZORES

SOURCE: ATMOSPRHERIC SCIENCES JOURMAL

pPFPORT NUMBER/CESCRIPTION! VOt ¢1Q.PY 136=145

RATE: 1962 13PP

onC CR NASA NO.

CFsCRIPTORSS
l4¢ METEQRCLGGY = SYNOPTIr STIUDTES
18s METEORCLCGY SUMMARY STUNIES

AUTHCRS HATCHER«Ns M,
GERMANN JRes Eo Fo :

o ¢TUDy OF A PROPQSED JNFRAPEN HOR]70M™ SCAMNER FOR USE tN SPACE-

oORIENTATION CCNTROL SYSTEMS

SQURCE: NASA

REFYORT NUMBER,/CESCRIPTION: | 1r25%

BATES 1962 32PP

tcC CR NASA NOe TN-D=1g05

rFsCRIPTORS!
7e HORIZON SEMSCRS

AUTHCRS S HATCHER 3N, M,
NEWCOMB JRe9vAs Lo » GROOMeN. J,

B DEVELOPMENT AND TESTiMg OF & PROPNSED [NFRARED HOR{7ZON SCANNER

nFaR USF IN SPACECRAFT ATTITURE UFTERMINATION

SOHRCE: LANGLEY RESEARCH CEMTFR

REFORY NUMBER/DESCRIPTJON:

CATE: SEPTEMBER 194% 34Pp

tnC CR NASA NQe T D=2995

nNFSCRIPTORS S
7 HORIZOMN SENSCRS
9« ATTITUPE CCNTROL

ALUTHCRS HAVENSWR, Je
KCLL4Re Te » LAGOWeHe Eo

o PRESSUREs DENSIyYs AND YEMPERAJLRF OF THF FARTHS ATMCGPHERE

BTC 160 KILOMETERS

SOURCE! GEOPHYSTCAL RESEARCH JO1RMA

RFFORT NUMBER/CESCRIPTION: VOl 57, NNe 14PP 59=72

CATES MARCH 1952 14PP

nnPC OR NASA NQOe

CFSCRIPTORS?
144 METEQRCLOGY = SYNCPTIC STUHDIES
18s  METEORCLCGY SUMMARY STurlgs

AYTHCRS AYNIE oW,
CCLLINGEsJs P. s :RTgéAARD-:: P.

o 15=MICRON CO(2) RACIANCE “EAS(IRFD FROM A SATFLLITE

SOIRCE: PROCEDLRES KIS

REPORT NUMBER/CFSCRIPTION: WGL sr MUe3,PP 27-33

CATE! 1963 07pP

ppC CR NASA NO.

CESCRIPTORS:
24 RADIANCE (THEORETICAL 1% U
4o RADIANCE (EXPERIMENTAI )5 y )
6y  RADIOMETERS

203



204

.

7l

2444

245,

AUTHCRS? HENRYsRe M,
CCCHRANE vJe A,
o GEOGRAPH]ICAL VAPIATIONS OF wiMp LOADS ON VERTlfALLY R1SING
nvFHICLES
6OURCE! APPLIEC METECROLOGY JnyeMAL
REFORT NUMBER/CESCRIPTION: VO .24 PP 734~=743
RATE: DECEMBER 1964 10PP
pnC CR NASA NQ.

RESCRIPTORSS
l4e METEQRCLOGY = SYNOPTIF sTUDTES
17, METEORCLCGY =STATISTirAl STIDIES

A|JTHCRS HERGENROTHER K¢ Mo
PERSKYsMe Jo s LAVERY A, L.
o INFRARED Horlzon STUDIES
60 RCE: CAMBRICGE RESEARCH 1 AR, o« AIR FORCE
REPORT NUMBER/CESCRIPTION! #Frg! =€63-640
CATES 31 JUNE 1963
rnC CR NASA NQe
CONTRACT NUMBER AF 19(628)-1618
DESCRIPTORS S
6 RADIOMETERS
Te HORIZON gENSCRS

AUTHCRS! HERINGsW,. Se
o c2CNESONDE CESEPVATIONS OvER MORTH AMERICA = VOLUME )
SOURCE: CAMBRICGE RESEARCH | APORITORIFES(AIR FORCE)

RFEPORT NUMBER/CESCRIPTION: AFFRI =g4=~301())

CATES JANUARY 1964 512pp

ppC CR NASA NQe 435873

rESCRIPTORS?
le ATMOSPHERIC PHYSICS
18¢ METEORCLOGY SUMMARY STURIFS

AUTHGRS: HERINGsW, S¢(EDITED BY)
BCRLUENsJResTe R (EDITED RYH

o 020NESONDE QBSERVATIONS OvEp MORTH AMERICA-VnL. 2

SCURCE: CAMBRICGE RESFARCH | ARORPATCRIFS (AIR FORCE}

REFORT MUMBER/CESCRIPTION? AFFR! =64=30(11)

CATE! JULY L1964 282pp

rpC CR NASA NOe

rEsCRIPTORS !
l4e METEQRCLCGY = SYNCPTIC STI'DIES
15« METEORCLOGY = RAW DATA

AUTHCRS? HERTNGsk . 5o (EDITED BY)
BCRDENsJResT, P (EDITED RY)

o C20NESONDE OBSFDVATIONS OvEp M(RTH AME&ICA-voL. 3

SCURCE: CAMBRICGE RESEARCH | AROPATORIFS (ATR FORCE)

REFCRT NUMBER/CESCRIPTION: AFFRI wng~3n(T11)

CATE! AUGUST 1965 270pp

onC OR NASA NCoe

NESCRIPTORS ¢
14e METEQRCLGCGY ~ SYNOPTIF STUDTES
15« METEORCLOGY = RAW DATA

Ay THORS $ HFERZFELD «Ka Fo
LITOVITZsT, A, .

n ABSORPTICN AND LISPERSION OF (ILTRASANIC |, AVES

cOURCE: ACADEMIC FRESSs NEW YARY ANN | ONDON

RFPORT NUMBER/DESCRIPTION;

DATE! 1959 535

tpC CR NASA NG

DESCRIPTORS:
le ATMOSPHERIC PHYSICS




B

108, AUTHCRS} HIEATT+Jo Le
HAGEN sWe B
n pELIABLE EARTH SENSOR
SOURCE: PROC, FIRST SYMe=INFRARFD SFNSORS FOR SPACECRAFT GulD, + CONTROL
RFPORT NUMBER/DESCRIPTIONS PP 2n5=215
NATES 1965 11PP
rpC CR NASA NO.

RESCRIPTORS!
T« HORIZON SENSCRS

3a1. AUTHCRS! HILLEARY Ds To»
HEACOCK,Es Lo s MORGAN,We A
MCOREsRe He » MANGOLDsE, C,
SCULESe+Se Do :

o INDIRECT MEASURFMENTS OF ATMOGPHERIC TEMPERATERE PROFILES FROM
ugATELLITES?: IITe THE gPECTPOMETERg AMD EXPERIMENTS

SOIIRCE: MONTHLY WEATHER REVYEW

RFFORT NUMBER/CESCRIPTION: vOI & 94, NOs 6y PP 367=377

CATE: JUUNE 1966 .llpp

npC OR NASA NOe

LESCRIPTORSS
6e RACIOMETERS

190. AUTHCRS! HONEYWELL, INC,
o HCKIZON DEFINITICN MEASURFHMFNT PLNGPAM = TECHNICAL PROPOSAL
SOURCE: HONEYWELL, INC,

REPORT NUMBER/CESCRIPTION: xBaB~2s
DATES 15 OCTOBER 1565
rnC CR MASA NCe

nESCRIPTORS ¢

2« RADIANCE (THEOQORETICAL 15 '
6e¢ RADIOMETERS

8e ATT MEASMT (ExCL HORIZOM SEMSPS)
9« ATTITUCE CoONTROL

10e¢ SPACECRAFT STRUCTURF

1le TRACKING AND DATA ACQUISTITINN
12, SPACECRAFT PCWER S5YSTFMS

13¢ MISSICN pROFILE

18+ METEQRGLOCY SUMMARY STURIFS
15 LAUNCH VERICLES AND FACTLTTIES
20+ DATA HANDL ING

195, AUTHGRS! HONEYWELL s INCe
n HORIZON CEFINITION MEASURFMENT PROGPAM = PRESENTATION
souRCE: HONEYwELL, INC,

RgPORT MUMBER/CESCRIPTIONS sgp=2
CATE: JANUARY 1966 30PP
rpC CcR MASA NQe

rESCRIPTORS:

2e¢ RACIANCE (THEQRETICAL 1% )
6, RADIOMETERS

ge ATT MEASMT (EXCL HORIZQOM SEMSRS)
9¢ ATTITUCE coNTROL

10, SPACECRAFT STRUCTURF

1le TRACKING AND DATA ACGUISITICN
12 SPACECRAFT PCwER SYSTFMS

13, MISSION PRQFILE

18¢ METEORCLOGY SUMMARY STUNIFS
19« LAUNCH VFHICLES AMD FACTLIYTES
20e DATA WAMCL ING

231, AyTHCRS!? HONEYWELL+ INCe
o LOCAL VERTICAL PRECICTION SySTgM STUDY = A PROPOSAL
sQURCE: HONEyWELL AERONAUTIFA| RIVISION « ROSTON
rEPORT NUMBER/CESCRIPTION? 440n2-0N7
RATES 27 MARCH 1944 82pPp
npC CR NASA NOe

CFSCRIFPTORS!?
7« HORIZON SENSCRS
8e ATT MEASKT (EXCL HOPI9OM SEMSRS)
Ss ATTITUCE CONTROL

205
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6.

T2

99 .

2Rr9,

251.

AUTHCRS: HONEYWELL s INCe
B SCANNER SPACECRAFT = VOLUME 1. TECHMICAL PROPOGAL

SOURCE: HONEYWELL. INC,

RFFORY NUMBER/CESCRIPTION: 3E~B=3¢

CATE: 5 DECEMBER 1963 12z2pPp

pDC CR NASA NGe

CESCRIPTORS }
9s ATTITUDE coNTROL
10e¢ SPACECRAFT STRUCTURF
12¢ SPACECRAFT PCWER SYSTFM<
20, DATA HANDL ING

AUTHCRSS HOPKINS JR,Ms N,
SVITH'RQ Bc

o SUMMARY OF TECHNMICAL SERVICES FPGVIRER TC NIMBUS DATA

auTILIZATION CENTER

SOURCE: GODDARD g£ACE FLIGHT rFEMTFR

REFPORT NUMBER/CFSCRIPTIONS 237-F

DATE! DECEMBER 1965 59pp

ENC CR NASA NOe

CCNTRACT NUMBER NAg5=3253

LFSCRIPTORS:
21+ DATA REDLCTICN

AUTHORS!® HORANsJo J,

n PEKFORMANCE AND SYSTEMS APPI IraTINMe CF HORT20N SENSCRS ON
ospIN=STABIL1ZED SpACECRAFY

SOURCE: PRCC. FIRSY SYM,=INFRARFL gFNeORS FOR sPACECRAFT GUID,
REPORT NUMBEK/CESCRIPTION: PP go=-1(n

CATE: 1965 12PF

rpC CR MASA NO.

CFSCRIPTCGRS:
7e HORIZCON gEMSCRS
9. ATTITUCE ¢CRhTROL

BLITHCFS HORANsJe Jo
GCRDONF o +» DWORK yM,

B HWORIZON SENSING FRCM A SPTIN-STARII I7ED SPACECRAFT

sCURCE: PRCCEELIRGS CF JHE TNFREWFL IMFORMATION g5YMPCgIpM

FEPOKT MUMBER/CESCRIPTION: PP 9-2) -

NATES JUNE 1965 136P

coC CR NASA NCe MNAVSC p=231%

RESCRIPTORS:
T7sa HORIZCN sfNSCRS
Ss ATTITUCE cONTROL

ATHCRS: HOUGHTOMN,Je Te
SHAWeJde He
o CECUCTION OF STRATCSPHERIC TEUHERATIIRE FROM SATELLTE
pORSERVATICNS CF FHISSION By THF 15 MTCRGN Ch¢) BAND
SoURCE: INFRARED SpbCTRA oF AeTPcrmg™IfAL BrULIES
REPORT NUMBER/CFSCRIPTION; PP 3rR(=~35¢
FATES 264=25-26 JUME 1963 PP
pp¢ Ck NASA NC. 602936
CONTRACTY NUMBER £F 61(0%2) =ag*
nFSCRIPTORS?
le ATMOSPHERIC PHYSICS
2¢ RApIANCE (THRORETICAL 1% 41
6e RADIOMETEFS

+ CONTROL




253,

378.

92

357.

201,

AUTHCRS: HOWARD «J, M,
GARINGoJe S '
o INFRARED TELLLFTC ARSORPTION SEFCikpM INTROD;CTORY REPORT
SCURCE: INFRAREL SPECTRA CF AeTROMCM{FAL BRDIES
REFORT NUMBER/CESCUIPTION: PP 227-278
CATE: 24-25-26 JUF 1963 42pp
cpC CR MNASA NOe 602936
CCNTRACT NUMBER AF 61(p52)~e8%
PESCRIPTCRS!
1e ATMOSPHERIC PHYSICS
2e¢ RACIANCE (THEORETICAL 1% 11 )
3, KACJANCE (THFORETICAL OTHFR)
18« METEORCLCGY SUMMARY STUPIFS

AUTHCRS: HUNT4B. G,

8 NON=EQUILIBRIUN INVFSTIGATIAN iM70' THE DIURNAL PHOTOCHEMICAL
DATOMIC OXYGEN AnD OZONE VARIATIOMg [N THE MEgOSPHERE

SOURCES AUSTKALTAN DEpeMCE SCTEMTTETC SERVICE

RFPORT NUMBER/CESCRIPTION: TN PADR 2

RATE: FEBRUARY 1964

rnNC OR MASA NCe ha4=~19473

PFSCRIPTORS!
le ATMOSPFERTC FHYSICS
18e METEORCLCGY SUMMARY STURIfS

AUTHCRS: HURTTeJe Fo
FRANCISsRs No ’

p PROJECT HYDRA=IRIS

SCyURCE: UeSe NAyAL ORDNAMCE TFST STATIONM

RFFORT MUMBER/DESCRIPTION: MUTS 339]

RATE: FEBRUARY 1945 18pp

enC CR NASA NQOe 431762

PESCRIpPTCRSE
4e  RACIANCE (EXPERIMENTAI 15 y )
5¢ RADIANCE (EXPERIMENTAI NTHED)
6e RADIOMETERS
19« LAUNCH yEHICLES ANMD FACT_TTTES
20, DATA HAND| IMNG

AUTHCRS ¢ JACKSON,R. S,
o RIBLIQGRApHY oF ATNaSPpHERTC q7GME Ta 40 KM: 17§ ColCENTRATIQN
oPISTRIBUTION, MEyHOCS OF DFTFCYniy, ANC RELATIONSHIP L 1TH OTHER
oME TEOROLOGICAL pHENCHMENA
SCURCE: UNIVERSITY OF CALIFORMIA
RPEFPORT NUMBER/CESCRIPTION: | A-3328-Mg
CATE: 15 JyLy 1965 36pp
chC CR NASA NO, he5-25012
CONTRACT NUMBER w=7405-ENGeag
RPFSCRIPTORS !
le ATMOSPFERIC PHYSICS
18« METEORCLCGY SUMMARY STURIFS

AtJTHCRS® JALINK o JR . s A,
o INVESTIGATION Cr THE EARTHS HPRTZON JN THE [NFRAREL
SOURCE: UNIVERSITy OF yIRGIMIA

REPORT NUMBER/CESCRIPTION! MASTFLS THFS]S

CATE: JUNE 1966 T0PP

©bC CR NASA NO.

RPFSCRIPTORS !
4e RADIANCE (EXPERIMENTA] 15 | )
5¢ RADIANCE (EXPERIMENTAI NiHpR)
6e RACIOMETERS

207



e

%

2n8. AUTHCRS:
JEHN Ko H,
HASNERAN: Ko + GERHARDT,Js Re
B oW ND TEMPERATURE IN THE ATMNgPHFRE BFIWEEN 30 AND 80 KM =

DQUARTERLY TECKNicAL REPORT Nm. )
SsoyRCE: UNIVERSITy OF TExAS
REFORT NUMBER/DESCRIPTION:
DATE: 1 JULY 1960-30 SEPTEMPE® 1980 56pp
cnC cR NASA NQe 479078
CONTRACT NUMBER pA=23-072-0rD.1566
CFSCRIPTORSS
18, METEORCLOGY SUMMARY STUM]FS

269+ AUTHCRS: JEHN 4K Ha
WAGNERWNe Ko s+ GERHARDT,Je Re
HARAGAN+Ds R .

o wIND AND TEMPERATURE IN THE ATMNGPHFRE BFT4EEN 30 AND 80 KM ~
pQUARTERLY TECHNICAL REPORT Nn, 2
SOURCE: UNIVERSITy OF TEXAS
REFCRT NUMBER/CESCRIPTION!
CATE: 1 OCTOBER 1960=31 DECFMpER 1¢A0 30pp
rnC CR NASA NOe 479079
CaNTRACT NUMBER DA=-23-072-0pD.l%e4
CESCRIPTORS
18+ METEORCLCGY SUMMARY StuniFs

309, AUTHCRS! JEHNK, Ha

HARAGAN,D, R. s STEPHENS ,J. Jo

o WIND AND TEMPERATURE IN THE ATMNGPHFRE BFTWEEN 30 AND 80 KM =

HQUARTERLY TECHMNICAL REPORT NN, 14

SOURCE: UNIVERSITy OF TEXAS

REFPOKT NUMBER/CESCRIPTION?

pATE: 1 OCTOBER 1963=31 DECFMngp 1943 22pp

tnC CR NASA NO« 475090

CONTRACT NUMBER DA=23=072=-0RPD.1564%

CESCRIPTORS!
18« METEORCLCCY SUMMARY STUNIFS3

73. AUTHCRS: JOHNSONWF, S.
n ATMOSPHERE AND MEAR SPACE
SOURCE: ASTRONAyTICS AND AEPQePACF ENFINFERING
RFPORT NUMBER/CESCRIPTION?! VO1 o ls Op 81=87
CATES NOVEMBER 1963 aree
neC CR NASA NCe

CFSCRIPTORS
le ATMOSPHERTC PHYSICS
18¢ METEORCLGGY SUMMARY STuples

232. AyTHCRS: JOHNSONF, S,
p ATMOSFHERIC STRLCTLRE
sQURCE: ASTRONAUTICS
RFPORT MUMBER/CESCRIPTIONS VYOI, 7s MOs Ly PP 54=641
BATE: AUGUST 1962 o8pw
rnC CR NASA NQe

BESCRIPTORS:
18« METEQRCLQGY SUMMARY STUNIFS

221. AUTHCRS: JONFSDe F,
n MARIRER I1 MICKOWAVE RADIPMETFER EXPFRIMEMT
soUURCE: JPL
pFPCRT MUMBER/DESCRIPTION: 32.772
RATE: 1 JANUARY 1966 57PP
nnC CR NASA NG
CONTRACT NUMBER t:A5 7-100
CFSCRIPTORS:
5e¢ RACIANCE (FXPERIMENTAl nTHER)
6e RACIOMETFRS

208



T4a

209.

214,

219.

75.

106.

AUTHCRS? JONESyLe M,
n UPPER AIR STRUCTURE MEASUPEMEMTS wlTH SMALL ROCKETS
snURCE: SPACE REGFARCH 11

RFFORT MUMBER/CESCRIFTION:

LATE: 1961 12pP

£nC CR MASA NOe

RFSCRIPTORS!
14e METEQRCLCGY = SYNOPTIC STUDTES

AUTHCRS? JONESsLe Mg
PETERSONsJe W, s SCHAEFERWE, Je
SCHULTEsH. Fo )

w UPPER=AIR DENSIty AND TEMPEPATURE! SOME ARTATIONS AMD AN
pARRUPT WARMING 1K TKE MESOSPHEDE

SCUPCE: GEOPHYSIcaL KESEARCH 10nRMal

REPORT NUMBER/CECCRIPTION: wOl & 64, NOe 124PPp 2331=2340
CATE: DECEMBER 1959 10PP

cnC OR NASA NOe

CESCRIPTORS?
144 METEQRCLCGY = SYNOPTIC STUDTYES
16¢ METEORCLCGY = STRATD uigPiiTHOS
18¢ METEQRCLCGy SyUMMARy STU"JFs

AUTHCRS JPNESWRe ¢,
o STLDPy OF 1R BACKGRCUNDS By THF wlEnSR SPECTRUM METHOD
sCyRCE! POLARCIC CCRP.
RFFORT MUMBER/LCESCRIPTION:
DATE! DECEMBER 1959 185PP
£0C CR NASA NOe
COMNTRACT NUMBER AF 33(616)5%50
DFSCRIPTORS:
le ATMOSPHERIC PHySICS
2¢ RADIANCE (THEQORETICAL 15 n
3. RADIANCE (THEORETICAL OThFR)
18« METEQRCLOGY SyUMMARY STUNIFS

AUTHCRS! JONESR, L,

o THEORETICAL METHCD FOR DEPIVING AM FARPTH=-CENTERED CATUM FROM
nOPTICAL OBSERVATICNS OF THF FARTHS HNARIZOM FRAM AN EARTH
aSATELLITE

SOIRCE: LANGLEY RFSEARCH CEMTrR

REFORT NUMBER/CESCRIPTION! L=471%

RATES APRIL 1966 60PP

£pC CR NASA NQe TH D~3367

CESCRIPTORS!?
3¢ RADIANCE (THEORETICAL QOTHER)
8s ATYT MEASMT (ExCL HOPI+QM SEMGRS)
2ls DATA REDUCTICN

A1, THORS JONESswe T,
FRFORMANCE CF HORIZON SEM 3 EARTH

np H T2l v e N A

sCuRCE: PROCs FIRgy s%m.-?mr§~5=3 glegké FORREPAgggéIFT GylD.

REPORT NUMBER/CESCRIPTION:

CATE: 1965 16PP

t0< CR NASA NOe

nESCRIPTORS!
4e RADIANCE (EXPERIMENTAL 15 () )
5¢ RADIANCE (EXPERIMENTAI NTHER)
7+ HORIZON SENSCRS

AlJTHCRS? KALLET+E, A

n RADIATION BALANCE HORIZON SPN&QORS

SORCE: PRCOC, FIRST SYMe~INFRARFD SFNGORS FCR SPACECRAFT GUID.
REFORT NUMBER/CESCRIPTION: Pp )75=193

RATE: 1965 19PP

£nC CR NASA NOe

CESCRIPTORS
7¢ HORIZON SENSCRS

+ CONTROL

+ CONTROL

209
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T6e

432,

3?25,

257

329.

197.

AUTHORS1 AN

COLEsAs E, , KANTORMA e
o ZONAL AND MERIDIONAL WIND® TO 170 KTLOMETERS
SOURCE: GEOPHYSICAL RESEARCH .JOIRMAL
REFORT NUMBER/CESCRIPTION: VOl.. 69y NOe 244PP 5131=5140
CATE: 15 DECEMBER 1964 10PP
nDC CR NASA NOe

BESCRIPTORSS
14e¢ METEORCLOGY = SYNOPTIC STUDIES
18« METEORCLOGY SUMMARY STURIES

AUTHORS ¢ KANTOR4A, Je
COLEsA, Eo ]

o MONTHLY ATMCSPHEPIC STRUCTUDE, SUWFACE TO go KTLOMETERS

SOBRCE: APPLIED METECROLOGY JnyrMAL

REPORT NUMBER/CESCRIPTION! VOi, &« MO, 24 PP 228237

PATE: APRIL 1965 10PP

oDC QR NASA NQOe

CFscRIPTORS}
17« METEORCLEGY -s7ATISTICAl S70DTES
18, METECRCLOGY SUMMARY STUr(FS

AUTHCRS? KANWISHER . Je

g PCC(2) IN SEA WATER AND TS EFFFCT ON THF mOVEMENT OF CO(2)
oimM NATURE

SOURCE: TELLUS

REPORT NUMBER/CESCRIPTION: VOl. 12+ NNe2. PP 209-215

pATES MAY 1960 PP

RNC CR NASA NOe

CESCRIPTORS
ls ATMOSPHERIC PHYSICS

AUTHCRS! KAPLANGL, Pe
EGGERS JR. o, F .

o INTENSITY ANC L{NE~WIDTH OF Twg 15="[CROM €0(2y BAND.

oNETERMINED By A CURYF=0OF=GROTH METHND

SOHRCE: CHEMICAL PHYSICS JOHRMAL

RFFORT NUMBER/CESCRIPT{ON: vOI, 2%, NO, 5, PP g76-883

PaTE! NOVEMBER 1956 8pp

tnC CR NASA NOe

CESCRIPTORS
le ATMOSPHERIC FHyS1CS
2, RACIANCE (THEORETICAL 1% '' )
18+ METEORCLGGY SUMMARY STURIFS

AUTHCRS: KAPLANJL, D

o INFLUENCE OF CARBON DIOXIPE VARJATINNS ON THE ATMOSPHeRIC
pHFAT BALANCE

snoyRCES TELLUS

RFPORT NUMBER/CESCRIPTION: VOI . 122 NNy 24 PP 2042208

DATES MAY 1960 5pp

DG CR NASA NO»

RESCRIPTORSS
le ATMOSPHFRIC PHYSICS
18« METEORCLCGY SUMMARY STUnifS

AUTHCRS? KAUTHsRe Jo
o +ULTICOLCR ATMCSPHFRIC MOPEI S
SCURCE: UNIVERSITY OF CHICAGO
REFORT MNUMBER/CESCRIPTION: | AcmTg=199~49G
CATE: SFPTEMBER 1963 11PP
cRC CR NASA NOe 4)9045
CONTRACT NUMBER 5D-T71
CESCRIPTORS:
le ATMOSPHERIC PHYSICS
3, RADIANCE (THFORETICAL OTHFR)
17¢ METEQRCLCGY ~STATISTICAL s7itDIES



7-,.

78«

357.

2164

79.

AUTHCRS?S KFELING«C,
RAKESTRAWsNe + WATERMAN,L .

W
n CARBON D1OxICE IN SURFACE wATFRS NF THE PACIFIC OCEAN =

ple MEASUREMENTS CF THF DISTRtEn7Y0M

SOURCE: GEOPHYSICAL RESEARCH jOricMar

REPORT MUMBER/CESCRIPTION?! VOl ¢ 704 INNe 24+PP £087=6097
DATES 15 DECEMBER 1965 11pp

ppC CR NASA NOe

DFSCRIPTORS? )
14e METEQRCLGGY =~ SYNOPTIr STUDIES

AUTHORS: KEELINGsC,
n CARBON DIOXICE }N SURFACE WATFRS NF THE PACIFIC CCEAN
n2e CALCULATION CF ThE EXCHANGE wiTH THE ATMOSPHERE
sOlRCE: GEQPHYSICAL RESFARCH (JOnRMAl

REFPORT NUMBER/DESCRIPTION! VO1 » 704 NNe 244PP 6099-5102
CATE: 15 DECEMBER 1965 04rp

D¢ CR MNASA NO.

LESCRIPTORSS
14 METEQRCLCGY = SYNOPTIC STUDTES

AUTHCRS: KEEL INGYC,

nTHE ATMOSPHERE
CcLRCE: TELLUS
ngonT NUMBER/CESCRIPTION: YOy . 124 NNe 24 PP 200-203

RATF: MAY 1960 4PP
< CR NASA NCe

EESCRIPTORSS
1« ATMOSPREKTC PHYSICS

AUTHCRS S KFERN+Co D,

D.
Se

D.

D.
o CONCENTRATION AND 150TOPIC ALyi®DAMCFs OF CARPON DIOXIDE IN

n FVALUATION OF [HFRARED EMiSernn OF CLOUDS AND GROUND AS

aMFASURED BY WEATHFR SATELLITFS

SOURCE: CAMBRICGE RESEARCH LAPR, (AF)

REFOKT NUMBER/CESCRIPTION! AFCR! «A5.840

DATE: NOVEMBER 194% 112pPP
CDC CR NASA NOe

CESCRIFTORS:
le ATMOSPRERIC PHYSICS
2e RADIAMCE (THEORETICAL 1% 1 )
3, RADIANCE (THEQRETICAL OTHFR)
4e RADIANCE (EXFERIMENTAI 15 y )
5¢ RACIANCE (EXPERIMENTAI NTHER)
18¢ METEORCLOGY SUMMARY STUR[FS

a1 THCRS? KERR«D, F.(EDITED By)

n PROPAGATION CF SHORT RACIN wAVES
SOURCE: MCGRAW=HI1LL

REVORT NUMBER/CESCRIPTION: MIT PAN,!I AReSER. sVOLe134PP 41-50

BATES 1958 10PP
rnDC CR NASA NQe

DESCRIPTORS !
ls ATMOSPHERIC PHYSICS
18¢ METEORCLOGY SUMMARY STURIFS

AUTHORS} KINGeJe 1, F,

o INVERSION BY SLABS OF VARYIMG THCKMESS
SOURCES ATMOSPHERIC SCIENCES .101pMAL

REFORT NUMBER/CESCRIPTIONt VOl o 21.PP 324=326
CATE: MAY 1964 03PP
coC CR NASA NCe

CESCRIPTORS S
le ATMOSPHERIC PHYSICS
18e METEORCLCGY SUMMARY STURIFS

211
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91.

337,

81,

A2

R3e

AUTHORS § KINGeJe Ta Fo
n REPLY

sopRCE: ATMOSPRERIC SCIENCE= ()01iRMAl

REFORT NUMBER/DESCRIPTION! VOy, 27, P 96

DATE: JANUARY 1965 Q1FP

nnC QR NASA NO.

LEsCRIPTORS?
le ATMOSPHERIC PHYSICS
8¢ ATT MEASMT (EXCL HORIZ0M SEMSRS)

AUTHCRS! K155,E.

n RIBEL{OGRAPHY ON METEQROLOGICAL SATEILITES (1952=1967)
SOLRCE: AMERICAN METEQROLOGICAL 4OCTETY

RFFPCKT NUMBEK/CESCRIPTIONS

LATF: APKIL 1963 399Pp

CpC CR NASA NCe N64=14260

RESCRIFTORSS
5e¢ RALTANCE (EXFERIMENTA|l nivpw)
6s RACICMETERS
l4e METEURCLOGY = SYNORTIF STUILTES
15¢ METEORCLCGY = RAW DATA
16 METEQRCLCGY = STRATM vARKTNGS
17¢ METEORCLCGY =STATISTIrAl STIDTES
18¢ METECRCLCGY SUMMARY STUT1FS

AUTHCRSS KMOLLeA, L,
ECELSTEINGMe M, .

n FSTIMATICN OF LoCAL yFRTICAL ARD nRRITAL PARAMETERS FAR AN

NFARTH SATELLITE Qi THE BASTS OF HUPIZOF SFAGOP MEASL®IMENTS

SCURCE: HONEYWELL, INC,

REFCRT NUMBER/CESCRIPTION.

CATE: 20 JANUARY 1964 41pp

npC CR MASA NCe

CESCRIPTORS S
Te HORIZCN SEISCKS
Se ATTITUCE cONTROL

A THCRS? KECHANSK T oAy
 CIRCULATION AMD TENPERATURES 8T 7n- TC 100=K[LOMETER WEGHI
sCLRCE: GECPHYSICAL KESEARCH 101KMAL

RFFCRT MUMBER,CFSCRIPTIDN: YOI ¢ 6He NPl pp 213=226

raTEd 1 JANUARY 14943 14PP

srC CR NASA NC.

CFsCkIPTORS
14« METEGRCLCGY = SYNOPTlr STIDTES

ALTHCRS: KOLOSOVsSs G,
o CCAMEXTON BETWEEN THE TEMPEoAT,oE FTYELLC £KD THF FIELD OF
BOUTGOING RADIATION FRQM THF £ARTH PNM T,.F TROPOSPHERE

<o RCE: PLANETs SPRACE SCIFNCEC

REPCRT NUMBER/CESCRIPTION: VOI « 114PP 987-993

RATE: 1963 orER

rpC CR NASA NC.

CE<CKIPTORS:
le ATMOSPHELIC PHYSICS
3. RACIANCFE (THEORFTICAL QTHER)




f64a AUTHCRS:
YAKUSHEVSKAYA,ke Fo

KONDRATIFV.Ke Yo

© ANGULAR DISTRIBLTICN OF THE OnTGOTRG TLEFXAL RADIATION IN THE

aR1FFERENT REGIONS CGF THE SPEFTOLM
ScURCE: LENINGRALI STATF UNIVERSTTY
REFGRT NUMBEL/CESCRIPTION: #20,13335
naTe: 1962

rnC CR NASA NCe

BFoCRIPTORS:
ls ATMOSPHERIC PHYSICS
2¢ RADIANCE (TREORETICAL 1% 11
3e RADIANCE (THEORETICAL OTHFR?

94, AUTHCRSS
GAYEVSKAYA Ca N,
SCLANINsS, Va
SHVED«Ge Mo

T8, Lapp 256=277
24PP

KONDRATIFV,K, Yo
s NIKOLSKIY,fs Ae
s LIBERMAL. .Y, We
v TS5ARITSYMALI. Ve

o pRCBLEMS OF THL PHYSICS OF THF B1MOSPHERF=COLLFCTIOM 1

SQBRCEi LENINGRAD NIVERSITY DPRrg=
REFORT NUMBER/CESCRIPTION:

cCateEs 1963

cpC CR MNASA NO, 7T F=1R4

rEqCRIFPTORS:
le ATMOSPhRERIC PHYSICS
2. KADIANCE (THEORFTICAL 1% 10 )
3 KACIANCE (THECRETICAL OT+.Fid
16 METECRC{CeY SUMMAFRY STUR]RS

1a4. AUTHCRS:E )
YAKUSHEVOKAYA v, Y,

lespp

KONDRATIFV Ko Yo

.’

n SPECTRAL DISTRIRLTICN QF MurGrItMG KALIATICH

col RCE: NAGA

REFMCRT NUMBER/CESCLIFTION:
calp: 1963

rRC CR NASA NCs TT F=210

rFsCRIFTORS?
le ATMOSPRELIC PHYSICS
2« RACIANCE (THEORETICAL 1F t1 )
3¢ KACIANCE (THEQRETICAL QT FRD
18s METECRCLEGY SUMMARY SvyriFs

1R4. AUTHOURS:?
n ACTINOMETRY
SCURCE: LENINGRAp STATE UNJVERSTTY

RFPCRY NUMBER/CESCRIPTION: T71-Fr9712

PATE S NOVEMBER 1445
neC CR NASA N0

RFSCKIPTORS:
le ATMOSPHRERIC PHYSICS
2e RADIANCE (THEORETICAL 15 11
3¢ KADIANCE (THFORETICAL OTHFR)

Se RACIANCE (EXPERIMENTAL™ PTHEP)

18« METEQRCLCGY SUMMARY STURIFS

1r5, AUTHCRS:

KONDRATIFV (Ks Ye

6158

KONDRATIEV Ko Yo

n ABSOKPTION CF ATMOSPHERIC THEr+“fL RADIATIGN IN THE gag MICRON

nozoNE BAND REGICM

SOURCE: LENINGRAD STATE UNIVEPSTTY
REFPCRT NUMBER/CESCRIPTION: T1-F=207
FATE: VUNE 1964

cnC Ck NASA NOe

CECRIFTORS ¢
le ATMOSPHERIC PHYSICS
3¢ RACTANCE (THEORETICAL OTHER)Y
18¢ METEORCLCGY SUMMARY STURIFS

27ppP

213




214

1ré6,

1R8.

189,

191.

AUTHORS § KONDRAT
o TINFRARED ABSCRPTION SPECTPUM OF wATFR IN 17§ L?guléEg;f?EY'
SOURCE: LENINGRAD STATE UMIVERSTYY

REPORT NUMBER/CESCRIPTION: TTef=211

CATES JULY 1964 27 pp

~pC CR MASA NO.

RFsCRIPTGRS
le ATMOSPHERIC PHYSICS
3, RACIANCE (THFORETICAL QTHFR!
18+ METEORCLCOGY SUMMARY STUPIFg

AUTHCRS KONDRATIEV «Ks Yo

o INVESTJGATING THE SPECTRAI nIsTRIRUTION OF SHORTWAVE RADIATION
SOURCE: LENINGRAC STATE UMIVERSTTY

RFPORT NUMBER/CESCRIPTION! TT-F=213

paATE: JULY 1964 20pp

onC CR NASA NO.

rEgCRIFTORS !
le ATMOSPhERIC PHYSICS
2e RADIANCE (THEORETICAL 15 11
3s RADIANCE (THEORETICAL OTHFR?
18, METEORCLCGY SUMMARY STUPFS

AUTHCRS? KONDRATIEV,.K, Yo
o METEGROLCGICAL [NVESTIGATIOMS wlITH pOCKET AND SATELLITES
SCURCE: LENINGRAL STATE UNIvgpSTTY

REFORT NUMBER/DEGCRIPTION! TT-F=115

DATE: SEPTEMBER 1963 284PP

cpC OR NASA NCe

CFSCRIFTORS?
14 METEGRCLGCGY ~ SYNOFTlr STUDIES
17« METECRCLCGY =STATISTIeAl STUDTIES
18« METEORCLCGY SUMMARY STUNIFg

AUTHCRS! KONDRATIFV.K, Y,
o METEOUROLCGICAL SATELLITES

SOHPCE‘ LENINGRAD STATE yUNIVEPSTTY

REPORT NUMBER/CESCRIFTION: TTmp=177

DATE: MAY 1964 288pp

opC CR NASA NG,

CESCRIPTORS?
24 RACIANCE (THFORETICAL 1% 1 )
3, RACIANCE (THEORETICAL OTHFRY
4a RADIANCE (FXPERIMENTAI 15 y )
Se RADIANCE (EXPERIMENTAI NyHE®D)
14e¢ METEORCLOGY ~ SYNOPTIr &TUGrES
18 METEORCLCGY SUMMARY STyrlFg

A(/THCRS KONDRATIFY K Yo
o THERMAL RACIATIONM CF CO(2) N THE ATHCSPHERE

solRCE: LENINGRAR STATE UMIVERST(Y

REVORT NUMBER/CFSCRIPTION! TlaF=¢fg

CATE: JULY 1964 21pP

npC CR MASA NCe

PFSCRIPTCRS:
le ATMOSPhFEIC PHYSICS
2e RADIANCE (THEORETICAL 15 n )
18« METEORCLCGY SUMMARY STIRIFS

AUTHCRS: KONDRATIFV.K, Y,
B CUTGOING RADIATICN AND THF pAP[AL,T HEAY FLUX

snBRCE: METEORCLCGY AND HYDeO1 OfY

RFPORT NUMBER/CESCRIPTION: MU, 114 "P 5776]

BATE?: 1965 5pp

tDC CR NASA NCe ME6=15457

DESCRIPTORS?
le ATMOSPHEFIC PHYSICS
3, RADIANCE (THFORETICAL OTMER!?




@

417. AUTHCRS! KONDRATIFV4Ke Yo
g SOME PROBLEMS ASSCCIATED wyvH THE JMTERPRETATION CF THE RFESULTS
ocF MEASURING THE QUTGOING PARIA{TGM Py MEANS NF METEQRPOLOGICAL
nSATELLITES R
snuRCF: LENINGRAD STATE yUNIVERSTTY
RgFORT NUMBER/CESCRIPTION: MAcA TT ;=2563
CATES OCTOBER 1965 20pp
ppC CR MASA NO, Mh4e23118

DESCRIPTORS:
3. RACIANCE (THEORETICAL QThFg)
5. KACIANCE (EXPERIMENTA| PTHgR)
18s METEORCLCGY SUMMARY STIN{Fg

415, AUTHCRS: KONDRAUYQ, D,
B GUESTION OF THE DAILy VARTATIN oF CLOUDINESS IN ThF SOVIET
oUNICN

SCLRCES AIR FORCE SYSTEMS COMMAML

REFORT NUMBER/CESCRIPTION? FTR=TT1=63=1205,1+24+4
CATE: 2B APRIL 1944 L5Pf
rDC CR MASA NOe 600525

CESCRIPTQRS !
14 METEORCLOGY =~ SYNOPTIC STUDIES
18+ METEORCLOGY SUMMARY STINIFs

a5, AUTHORS: . KOZEL+Se M,
o ABCU] A CERTAIN METHOD OF RFCARPIMG wFAK INFRARED RAPYTATION
SOURCE: AIR FORCE SYSTEMS COMeAm|:
RFFORT MUMBER/LCESCRIPTION: FIN=TT=43=180/14+2
DATE: 16 MAY 1963 06PP
pDC GR MASA NOe

CEsSCRIFTORS:
6s RACIOMETFRS

233, AUTHCRS: KREITZBERG.C, W,
BROCKMANywe Eo )

o COMPUTER PROCESSING OF MERQ&CALF wAWINGOMDE DATA FROM PROJECH
osTORMy SPRéNG
SOURCE: CAMBRIDGE RESFARCH 1 APQoATORIFS (AIR FORCE)
REFORT NUMBER/CESCRIPTIONS AFCRl =A6-97
CATE: FEBRUARY 1966 98PP
nnpC OR NASA O

DFSCRIPTORS?
le ATMOSPFERIC PHYSICS
l4e METEORCLCGY < SYNOPTIr STUpTgS

107. AYTHORSs? KRUSE JRasJe R
o pADéANcE COMFENSATING HORTZNAN SFiisOR
SCYRCE: PROCe FIRST SyMe=INFRARFI, 5FNeORS FGR SPACECRAFT GuID, + CONTROL
REFORT NUMBER/DESCRIPTIONI ©op 105-203
NATE: 1965 9PP
nDC CR NASA NQOe

CESCRIPTORS !
Te HORIZON SENSCRS

267+ AUTHORS! KUHN 4Ko Hs
STARKeEe We »
o HOREZON TRACKERS FCR LUMAP UtDANCE ANL CONTROL SYSTEMS
SOURCES LUNAR ExPLORATION AMD SPACECRAFT SySTEMS
RFFORT NUMBER/DESCRIPTION: pp LlNB~152
DATE: 1962 45pp
cnC OR NASA NQe
CONTRACT NUMBER AF 33(6l6)=€624
BFSCRIPTORS?
le ATMOSPHERIC PHYSICS
2e RADIANCE (THFORETICAL 1% 11 )
3. RADIANCE (THEORETICAL OTHFR)
7+ HORIZCON SENSCRS

215



216

2R&

355,

313,

R6.

£7a

AUTHCRS: KUZNETS0VsAs Po
n OBSFRVATIONS OF THE yERTICAI PISTO[°yTIO" OF OZONE 1% THE
oATMCSPHERE

soyRCE: BYLLETIN oF THE ACAREMY OF :CTENCEQ OF THE UeSeSeRa
RFPORT NUMBER/CESCRIPTION: Mo, o,PP =100

naTE: 1957 10FP

cnC CR NASA NQCe

PESCRIPTORS!
le ATMOSPHERIC PHYSICS
14, METEORCLCGY = SYNCPTlr STI'DTES
18e METEORCLCGY SUMMARY STURIFS

ALTHCRS! KYLE+T. Go
NMURCRAY 4 Do G. s MURCRAYsF. H.
WILLTAMS s w, ’

8 aBSOKPTON oF SOLAK RADJAT RN BY ATMOSPHER[C CARBON DyOXIDE

saURCF: OPTICAL SnClEYy OF AMFRTICA .101RNAL

REFOT NUMBER/CESCRIPTION: V01 o 554 NMe 1ls PP 1421-1426

paTE: NOVEMBER 1965 6P

pnC CR NASA NCe

rFSCRIPTORS S
3a RACIANCE (THEQRETICAL QTiFR?

5¢ RADIANCE (EXPERIMENTAI PTLgv)

ALTHCRS LABITZKE 4¥

o MUTUAL RELATION RETWEEN STRATASPHERE AlD TROPOSPHERE DUPIMNG
nPFRIODS OF STRATOSPHERIC wARMIMGS TH wIiTER

50 RCES APPLIEC FETECRNLCGY JryrishL

RFFPORT NUMBEK/CESCRIPTIONS V01, 4y VP §1-99

CATES FEBRUARY 1665 SPoH

cpC cR MASA NCe

CFSCRIPTORS!
le ATMOSPFERIC PHYSICS
169 METEORCLCGY = STRATNA wADRHTRGS

A THGRS LABITZKE
VAN LOONIHe
o NOTE ON STRATOSHREKIC MIDWINT R AR™INGS IN THE SCUTHFKN
pHFMISPHERE
couRCF: APPLIEC MrTECROLOGY JnyrishL
REPCRT NUMBER/CESCRIPTIONS YOy e 49 MO 2. np 292-299
cATE: APRIL 19685
roC CR MASA NOe

NESCRIPTORS:
16 METEGRCLCGY = STRATA WAD . TS
18e METECRCLCCGY SUMMARY STUNIFS

AUTHCRSS LAGOW sHe T o
HCRUWITZ 9K v ATNSWCRTH . Js

o ROCKET MEAQURENMEN TS QF THE aRryi1l FPEL A7VOSPHERFE

sCURCE: GECPHYSTCAL RESFARCH 104l

PFPORT NUMBEK/CESCFIPTION?

RATE: 1958 naEe

onC GR NASA NO»

NESCRIFTORS
14¢ METEORCLGGY = SYNCPYle Spvblpe
18 METEURCLCCY SyMMARY ST niFg

ALTHCRS: LAGOWsHe o
HCROVITZ sRe s AINSWCRTH 4 Ja

n ARCTIC ATMCSPHER]C STRUCTHRE TN 280 KM

cGURCE: GECPHYSICAL KESEARCH 10nk™ML

RFYCRT NUMBER/CESCRIPTION:

nATL: 1958 [oL-1t

onC CR NASA NCe

RFSCRIPTORS G
14¢ METEQRCLCGY = SYNCPTIr &i{nbrge
18¢ METECRCLCGY SUMMARY STUNIES

ng??ﬁﬁ?ﬁE



E){

420,

375,

RS,

2v2.

222

89,

AUTHCRSS LAMBERTsJ. D,
o RELAXATIGCN IN GASES

SQURCE: ACADEMIC PRESS

REPORT NUMBER/LESCLIPTION: ATnMt( AMD MGLFCOI A PROCESSFS
DATE: 1962 24DP

rpC CR NASA NQO.

DFSCRIPTORS:
la ATMOSPHERIC PHYSICS

AUTHCRS: LANGLEY RESEARCH CENTER
n gPECIFICATIONS FOR THE DEsIfide FAZRICATTCS, DUALIFICATINN,
nENVIRONMENTAL TeSTINGe AND CALYERATON Cp Tug DUAL RADJOMETE®R
nASSEMBLY

SCHRCE= LANGLEY pEgEARCH CkMyrR

RgFORT NUMBER/CESCRIPTION: t=a7v]

CATE: 1 NOVEMBER 1963 380p

tnC cR NASA NOW

DCESCRIPTORS:
6e RADIOMETEPRS

AUTHCRS! LFNHARD Uk, eRe We
COURT oA, s SALMELAWH, A,

p VARIABILITY SHCWN BY HOURIY wriin SQINDINAGS

SOURCE: APPLIEC METECROLOGY JryehAL

RFFORT MNUMBER/CESCRIPTION: v0i , 2407 99«104

naTF: FEBRUARY 1963 0k0P

rcC CR NASA NOe

RESCRIFTORS:
14¢ METEQRCLOGY = SYNORTIC STHDTES
17+ METECRCICGY =STATISTIrAl ST'LTES

AUTHORS! LILLESTRAMNP YR L,
CARROLL+J, Eo ]
0 HOR1ZON«BASEC SATELLITE NAVIGATICGM SYSTES
scyRCF: TEEE TRAMSACTIONS OM AERQSPACF AMD WAVIGATIOM FLECTRONICS
REPORT NUMBER/CESCRIPTION: VOt 4 AME~1ny MO. 34 PP 247=270
CATE: SEPTEMBER 1963 24pp
cnC CR NASA NC, As4~10467
CONTRACT NUMBER AF 33(557)~a215
RFSCRIPTORS
2e RADIANCE (THEOQRFTICAL 18 11
3¢ RACIANCE (THEORETICAL OTmeR)
Te HORIZON SFNSCRS
8e ATT MEASMT (EXCL HOPLZ?aM SEMS5DS)

AUTHCRS: LTILLESTRANP,R,
CARKCOLLyJe Eo o NEWCOMBoeJe Se

B AUTOMATIC CELESTAL GUIDAMCE, pT. 2! NFw CLALLENGE TO DFSGMNERS

o1HGENUTTY

sO(RCE: ELECTRCN]CS

RFPORT NUMBER,/CESCRIPTIONS

DATE: 4 APRIL 1966 11pP

onC CR NASA NO.

CFSCRIPTORS
8 ATT MEASMT (FXCL HOPI?Qn SEMSRS)
9e ATTITUCE COMTROL
2le DATA REDUCTICN

AUTHCRS? LINDZEMR,
GCODY 4Ry Ma N
o RADIATIVE ANC pHOTCCHEMICAL prOCEsSFS TN MEQNSPHERIC MYNAMICg:
DPARY 1+ MODELS FOP RADIATIVE AMp pHOTOCHEY JCAL PROCESSES
sO;RCES ATMOSPHEKIC SCIENCES j0niNAL
REMORT NUMBER/CESCRIPTION?: VUi « 22+4M0e 44y PP 341=348
CATE: JULY 1965 08PP
£nC CR NASA NQe

RFSCRIPTORS!

le ATMOSPHERIC PHYSICS
3¢ RACIANCE (THEORETICAL OTHER)

217



4A3, AUTHORS! LOCKREED » CALIFORN C
B SUMMARY OF THE MNASA MARKET 1FORN1A 0.
SoURCE: LOCKHEED - CALIFORNIA Cn,

REPORT NUMBER/CESCRIPTION! CA,Mp,9%4
DATE? 23 AUGUST 1963 27pP
£pC OR NASA NO.

CFSCRIPTORS S
13. MISSION proFILE
19+ LAUNCH VEHICLES AND FACTLYITIES
418, AUTHCRs! LONGsM, Ja
HANKSe JRaohHe He 0 BEEHE.";' Ge

n TROPOPAUSE PENETRATIONS By ~yMyLOMIMBys CLoyD$
snygcsz ATMOZDPRERIC RESEARCH ANN NEVE! OPMENT CORP.
REFORT NUMBER/DESCRIPTION: AfprR! =A5=541
CATES JUNE 1965
ppC OR NASA NO, 621573
CONTRACT NUMBER AF 1g(428)=~24%4
PFSCRIPTORS?
14s METEQRCLOGY = SYNOPTIC STHDIES
17¢  METEORCLCGY =STATISTIcAl STIDTES

90. AUTHORS! LUNDE«Bs K,
o HORIZON SENSING FOR ATTITHDF NETERMINATICN
sOyRCE: GODDARL spaCE FLIGHT CEM[FQ
RFPORT NUMBER/DESCRIPTION!
CATE: MARCH 1§82 19PP
cnC CR NASA NO»

PFSCRIPTORS?
6 RADIOMETERS
7« HORIZ20ON gENSCRS

112, AyTHCORS? MACCREAD
Tobaec. . R Y JR.+P,s Be
a CONTINGOUS PARTICLE SAMPLFR
50 RCE: APPLIEL METECROLOGY JnypnaL
RFFORT NUMBER/DESCRIPTION: VOl , 34PP 450-440
RATE? AUGUST 1964 L1PP
cpC OR NASA NO»

nFSCRIPTORS:
18 METEORCLCGY SUMMARY STURIFS

115. AUTHCRS! MACCREADY JR,sPe Re
n STANDARDIZATION OF GUSTINFSS VAN UFS FROM AIRCRAFT
SOURCES APPLIEC MFTECROLOGY JnUPNAL
REPORT NUMBER/CESCRIPTION! VOI « 3¢ PP 439=449
CATES AUGUST 1964 1109
rnC CR NASA NOs

LESCRIPTORSY
18e METEQRCLOGY SUMMARY STUR[FS

116+ AUTHORS: . MACHTA,L .
n TRANsPORT IN YHE STRATOSPHERE ANMD THRCyGH THE TROPOPASE
5o RCE: ADVANCES 1IN GFOPHYS1Ce
RpPORT NUMBER/CESCRIPTION: vOl 5 64PP 273=288
CATE: 1959 L6pp
£pC CR NASA NO.

FFSCRIPTORS:
le ATMOSPHERIC PHYSICS

218



350.

351.

3r2,

117.

118.

3139,

AUTHCRS! MACLAREM.As Po
n AUTOMATIC CONTROL IN THE PEACFFIIL YSE OF SPACE=PART 1
SOURCE: CONTROL

REFORT NUMBER/CESCRIPTION: VOl & 9+ PP 483=487

DATE: SEPTEMBER 1965 5pp

npC CR NASA NOe

CFSCRIPTORS!
84 ATT MEASMT (EXCL HOoI?70M SEMSRS)
9s ATTITUDE CONTROL

AUTHCRS? MACLAREN A, P
n AUTOMATIC CONTPOL IN THE PEACFFUIL USE OF SPACE=PART 2
soURCES CONTROL

REPORT NUMBER/DESCRIPTION! V01« 99 PP 564=566

DATES NOVEMBER 1965 3Ipp

£nC OR NASA NQO. .

nFsCRIPTORSS
8e ATT MEASMT (EXCL HORPI?O™ SEMSRS)®
9¢ ATTITUCE CONTROL

ALITHORS & MACLAREN A, P
o AUTOMATIC CONTROL IN THE PEACFFI'L USE OF SPACE=PART 3

s RCE: CONTROL

REPORT NUMBER/CESCRIPTION! VOI ., 9¢ Pp 632-635

CATES NOVEMBER 1665 4ppP

nnC CR NASA NOe

nFSCRIPTORS S
B8e ATT MEASMT (EXCL HORIZQOM SEMSRS)
e ATTITUBE cONTROL

AGTHCRS® MAEDA sK,
TAKEYAsYo
o UPPER ATMOSPHEPI( TEMPERATUDPE AND WIND VFLOCITY MEASURED Ry
nscuNDlNG ROCKETS
LRCE. SPACE RESECARCH 11
OrT NUMBER,/CESCRIPTION: PP 10g0=]QR2
DATE! 1961 03PP
cnC CR NASA NGs

DFSCRIPTORS
18« METEQRCLOGY SUMMARY STURNIFS

AUTHCRSY MALKEVICH Mo S,
TATARSKIIaVe 1,

o pETERMINATION CF TRE VERTTCAL TFMPERATURE PROFILE O THE

oATMOSPHERE FRCM THE OyTWARD oAPTATIOM M tHE C0(2) ABSORPTION

nBANC

SOURCE: COSMIC RESEARCH

REFORT MNUMBER/CESCRIPTION: VUI , 3eNM, 3, PP 170=190
DATE: 18 AUGUST 1965 21°pP

DDC OR NASA NCe N65=34925

BFSCRIPTORS?
2« RADIANCE (THEORETICAL 15 U
18s METEORCLOGY SUMMARY sTUNIFS

AUTHCES- MALKUSJ, S,
I1EHL ,

a cfoub STRUCTLRE AND DISTRYB,TTONs OyER THE TROPICAL PACIFIC
vOCEAN

50 HRCE' uNIVERSITY OF CALIFORMIA PRESS/BER¥ELEY AND Log ANGELFg
ORT NUMBER/CESCRIPTION:

DATE. 1964 229pPpP

ppC CR NASA NO, A65=15661

DFSCRIPTORS

l4e  METEQRCLOGY = SYNOPTIF sTiDYEe
18, METEORCLOGY SUMMARY STURIFS

219
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344,

414,

282,
SECRFT

374,
CONF.

119,

359.

AUTHORS MARKOV M, Ne
MERSONsYe Ie ) + SHAMILEV,M, R,

» SEASONAL VARIATIONS OF yYHF FIFLD DF TERRESTRIAL AND A¢MOSPHERIC

arADIATION IN THE INFRARED REeINN OF THE SPECTRUM

SOURCE? COSMIC RESEARCH

REPORT NUMBER/CESCRIPTION: VOLe 3% MOe 24 PP 188200

DATE: MARCH 1965-aPRIL 1965 13pp

DDC OR NASA NOe

NDFSCRIPTORS
4a RADIANCE (EXPERIMENTAL 15 U )
5¢ RADIANCE (EXPERIMENTA| PTHER)

AUTHORS ¢ MARLATT sW, E.
o yNVESTIGATIONS OF THE TEMPERATUPE AND SPECTRAL EMISSTvITY
nCHARACTERISTICS OF CLOUD TCOPe& AND NF THE EARTHS SURFACE
SQBRCE: COLORADO STATE yUNIVFRelTY
REPORT NUMBER/CESCRIPTION: TErye PAPER NO, 51
CATES FEBRLUARY 1964 92pp
ppC CR NASA NO, N64=29504
CONTRACT NUMBER NASR«147
RFSCRIPTORS!

S5e RADIANCE (EXPERIMENTA) NTHER)

18e METEORCLCGY SUMMARY STUPIFS

A\ THORS MASSACHUSFTTS INSTITUTE OF TECHNOLOGY
o SPACE VEH]CLE GUIDANCE JNVESTYGATTOMS EXPLORATORY DEVELOPMENT
DPROGRAM = yOLUME I1,PART Cu INSTRUMENTATION RESEARCH AND
oRFVELOPMENT
SOURCE? MASSACHUSETTS INSTITUTE OF TECHNOLGGY
REPORT NUMBER/CESCPIPTION! €§RaTiR=f4=63
DATE: 10 JANUARY 1962.10 JAMUARY 19A4 22RPP
£nC CR NASA NCe
CONTRACT NUMBER AF 04(695)«29n
DESCRIPTORSS
5e¢ RADIANCE (EXPERIMENTA| NTHER)

AUTHCRS MASSACHUSETTS INSTITUTE OF TECHNOLOGY
o SPACE VEHICLE GUIDANCE INVERTTGATIQONS EXPLORATORY CEVFLOPMENT
oppOGRAM= FINAL TECHNICAL RFPART: VOLIMF 11, PART C. COMTROL
oSYSTEM STUDIES, PART pe INSToUYENTATION RESEARCY AND npVELOPMENT
soyRCE: MASSAChYSETTS INSTITUTE GF TECHNOLCOGY
RFFORT NUMBER/CESCRIPTION? pPva7??y 59D=TR=64=296
CATE! 10 NCVEMBEgR 1964 388PP
ppC CR NASA NO. 355184
CONTRACT NUMBER AF 04(695)«29n
CESCRIPTORS!

6e RACIOMETERS

7¢ HORIZON gENSCRS

8, ATT MEASMT (EXCL HOP[70M SENSPS)

Se ATTITULCE CCNTROL

AUTHORS MASSEYsH, S, W,
o PROGRESS OF THE BRITISH UPPFR ATMNGPHERIC ROCKET REGFARCH
wPPOGRAMME

sORCE: INTERNATIONAL GEOPHYSYCAL YEAP ANNALGg
RePORT NUMBER/CESCRIPTION: VOI | X11+PART 1,PP 236=42
DATE: 1960 otpp

ppC CR NASA NOe

CFeCRIPTORSS
le ATMOSPHERIC PHYSICS
18, METEORCLOGY SUMMARY SYur|FS

AUTHCRS MAYOT +Ma
V1GROUXHE .
o APPLICATION CF C(RTIS=GCDeCng APPROYIMATICN TO THE geg MICRON
oRAND oF ATMOSFHERIC QZONE
SOURCE: INSTITLTE OF ASTROPHYe(cS=PAR1S(FRANCE)
REPORT NUMBER/CESCRIPTION! PFFRI -£5~245
CATE: 31 JANUARY 1665 52pp
cbC CR NASA NOs 618910
CONTRACT NUMBER Af 61(052)=685
CESCRIPTORS!
le ATMOSPHERIC PHYSICS

O )



12n.

58,
SECRET

272,

121.

176,

179,

BUTHCRS ! MCARTHUR ke Go

n HORIZON SENSCR NAVIGATION EPRMRS RESULTIMG FROM STATISTICAL
oyARIATIONS IN THE C0(2) la=lg MICRDN RADIATIQON BAND

sOURCE: TRANse ON GTF gYMP, UM RAILIGTIC MIggILE AND gpPACE TECHNOLOGY
REPORT NUMBER/CESCRIPTION: wOl, ]+PP 261-289

FATES AUGUST 1964 29PP

D€ GR NASA NQe

DESCRIPTORS!
le ATMOSPHERIC PHYSICS
2s RACIANCE (THEORETICAL 1= 1t )
4s RADIANCE (EXPERIMENTAI 15 y )
14¢ METEQRCLGGY = SYNOPTIF STUDIES
17« METEORCLCGY =~STATISTICAI STUDIES

BUTHCRS$ MCDONALL +rRe K.
o INFRARED SATELLITE BACKGRMUMDS=PART T1. RACKGROUND MgASUREMENTS
ofFyALUATION
SOHRCE= BOEING COMPANY
REFORT NUMBER/CESCRIPTJON: AFFR! =1069(])
DATE?! 30 SEPTEMBER 1961 28pp
ppC CR NaSA NO, 328365
CONTRACT NUMBER AF lg(g04)=74F7
DESCRIPTORS!
3s RACIANCE (THEQRETICAL OTHFR)
5¢ RADIANCE (EXPERIMENTA] DPTHpw)

AUTHCRS S MCGEE R, A,
o ANALYTICAL [NFRAREC RADIATINN MPpFL OF THE EARTH
SCURCE: APPLIEC oPTICS

RFPORT NUMBER/CESCRIPTION: VOI+ les NO, 5¢ Pp 649=653
pATES SEPTEMBER 1962 5pp

DC CR NASA NOe

CESCRIPTORS
2. RADIANCE (THEQRETICAL 15 11 )
3¢  RADIANCE (THEORETICAL OTHEg)

AUTHCRS: MCKEE+Te B,
WHITMANGR, I, s ENGLE+C,. D,

o RADIOMETRIC CBSERVATIONS OF THE EARTHS HORI20N FROM ALTITUDES

RAETWEEN 300 AND 400 KILOMETERS

SOURCE: LANGLEY RESEARCH CEMTER

REPORT NUMBER/CESCRIPTIONG

CATE: DECEMBER 1964 25pp

cpC OR NASA NCe TN D=-2528

CESCRIPTORS:
3¢ RADIANCE (THEQORETICAL OTHFR)
S RADIANCE (EXPERIMENTA; NTHLP)
6e KADIOMETERS

AUTHCRS: MEDITCHsJo S,
o qTUPY OF OPTIMAL LINEAR ESTTYMATTOM FOR A HORIZON SCANMER
sOyRCE: AEROSPACE CORP,
REPORT NUMBER/CESCRIPTION: TDp=262(4540=70)=7
CATES 25 AUGUST 1l9s4 22PP
cnC CR NASA NOe
CONTRACT NUMBER AF 04(695)-260
DFSCRIPTORS:
7¢ HORIZON SENMSCRS

AUTHORS® MEDITCHeJ, S
LEMAY eJe Le o JANUSWJe P,

o ANALySIS OF AN HQRIZON SCANMER AyTONOMOyS ORBITAL NAyI1GATION

nSYSTEM

SOURCE: AEROSPACE cORP,
PEPORT NUMBER/LCESCRIPTION! TLp=r60(%540=10)+~¢
CATES: JULY 1965 61pp
ppC CR NASA NCs 469349
CONTRACT NUMBER AF 04 (695)=660
DFSCRIPTQRS:

7« HORIZON SEMSCRS

9¢ ATTITUCE CONTROL
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222

93.

122.

123.

348,

390,

AUTHCRS ! . MERLEN sl My
PASTERNAK yJe Fo v+ PEARSALL,D,
o ELECTRONIC=SCAM HORIZON SFNeQP
SOURCE: PROC, FIRST SYM,=INFRARFD SFINSORS FOR SPACECRAFT GUID, + CONTROL
RFFORT NUMBER/CESCRIPTION: PP 2y17-229
DATES 1965 13pp
£nC OR NASA NOe

LFSCRIPTORS:
7¢ HORIZON SEMSCRS

AUTHCRS: MERRITT+Fe Se
o SYNOPTIC APPLICATICNS FOR TTRPS yIle CHAMNEL 1 (lé4eRe=15.5
oMICRON CO=2) MEASLREMENTS
sci;RCE: ARACON GEOPHYSICS Che
RFPORT NUMBER/CESCRIPTION: RGI-F
BATE: 30 APRIL lggb 20pP
nnC CR NASA NOe
COMTRACT NUMBER N1R9(188)=5R014#
DESCRIPTORS!
4e¢ RACIANCE (EXPERIMENTA| 15 ( )
l4s METEORCLCGY = SYNOPTYTIE c<7DIES
18, METEORCLCGY SUMMARY STURIFS

AUTHCRS?$ MERRITToEa 5o
CHANGWD, .
n syNOPTIC STUCIES OF SATELI ITE MFASUREMENTS IN THE 15 MICRON
nco(2) BANC
SOURCE: ARACON GECPHYSICS CN,
REFORYT NUMBER/CFE<CRIPTION: RGYyg9=F
DATE! 31 MARCH 1966 48pp
rpC OR NASA NOe.
CONTKACT NUMBER M 189(1B8)=F9192A
CESCRIPTORS:
49 RACIANCF (EXPERIMENTAL 15 y )
14 METEORCLOGY = SYNOPTIC <TIDYES

BUTHCRSS MERRITT+Fe S
RPCGERS+Ce We Ca
o METEQROLCGICAL SAYELLITE =s1DtES NF MI”-LATITUDE ATMOSPHERIC
pCIRCULATIONS
SOHRCE: ARACON GEOPHYSICS Cre
RFFORT NUMBER/CESCRIPTION: B8GY3-F
CATE: 30 OCTOBER 1965 81PP
nnC cR NASA NOe
CONTRACT NUMBER Mg23Ce=-1584
CFSCRIPTORS
5¢ RADIANCE (EXPERIMENTA; NTHER)
l4e METEORCLOGY = SYNOPTIrF <TUDTES
18« METEORCLOGY SUMMARY STUNIFS

AUTHCRS: MERRITT ¢, S,
o ANALYSIS OF STRATIFORM CLPUN PATTFRNS IN THE CANARY TLANDS
nrEGION
snURCES ARACON GFOPHYSICS Cn,
RFPORT NUMBER/CESCRIPTION: AFrR! =£3=69
pATES 1 JULY 1963 23FP
pnC CR NASA NOe N63=22441
CoNTRACT NUMBER AF 19(628)-32r
BFSCRIPTORS!
18¢ METEORCLOGY SUMMARY STUrlFg

AyTHCRS! METs ROCKFT NETs CONMMo (EDITED Ry)
p DATA REPORT OF THE METEOROLAGTCAL RNCKET NETWORK FIRPINGS,

oyoLUME XxLII -~ FERRUARY 1965 FIFIMGS

SqURCES Ue S¢ AgMy RESEARCH AmMD LFVFLAPIENT ACTIVITY

RePOKT NUMBER/LESCRIPTION: TRYG 1Ngws)

CATE: SEPTEMBER 1965 309pp

ooC CR NASA NO, 474263

RESCRIPTURS Y
l4¢ METEORCLOGY = SYNOPTIF c1iDIES
15 METEORCLCGY = RAW DATA
18s METEQRCLCGy SUMMARY STyUrIFs




124,

2g3,

333,

125.

2564

2R7.

AUTHCRS® MIERS«B, T,
BEYERSyNe Je R

n ROCKETSONDE WIND AMD TEMPFRATIIRF MEASUREMENTS RETWEEM 30 AND

n70 KM FOR SELECTED STATIONS

SOURCE: APPLIEC MFTECROLOGY JnuenhAL

REPORT MUMBER/CESCRIPTION: VOl .+ 3+PP 16=26

CATE: FEBRUARY 1964 11PP

£0C CR MASA NODe

DFSCRIFTCRS!
l4s METEQRCLOGY = SYNOPTIF STUUTES
15« METEQORCLCGY = RAW DATA

AUTHCRS? MIKHNEVICH W, V.
KhVOSTIKOysle £e '

o INVESTIGATION OF THE HIGH LAYFRS NF THE ATMOSPHERE

soBRCE* BULLETIN OF YHE ACAPEuy F SCTENMCES OF THE Us§.SeRe

REPORT NUMBER/CESCRIPTION: MO, 11+ PP 88=107

DATE: 1957 .20PP

£nC CR NASA NO»

DESCRIPTORS:
ls ATMOSPHERIC PHYSICS
14, mETEORCLOGY = SYNOPT]e< STUDTES

18 TEORCLCGy SYUMMARy STyUMIFs
AUTHCRS® MILLARDsy, P,
NEEL +Ce B, .

p ALBEDO AND EAKTH RADIATIQOM RERUCEN FROM EM Y r

aTHE FjRST ORBITiNG SOLAR18P5=RVET5HY RO ISSIvITY SENSORS ON
SOURCE: AJAA

REFORT NUMBER/CESCRIPTION: £4.317

CATE: 29 JUNE 1664=2 JULY 196¢ 11PP

nnC OR NASA NOe

CESCRIPTYORS:
3¢ RACIANCE (THEORETICAL OTHFR)
6e RADIOMETERS

AUTHCRS® MILLERWE,
o NEw HORIZON SENSCRS PLANNFD FPR AGENA D

cOURCE: AVIATICN WEEK AND SPAFE TFCHNNLOGY

RFFPORT NUMBER/CESCRIPTION: WOl ¢ 79, NOe l4s Pp 82=B6
CAYE: 30 SEPTENBER 1963 as5ep

coC CR NASA NO.

CFSCRIPTORS:
Te HORIZON SENSCRS

AUTHORS: MILLERsW, Lo
GORDONeAs Re .

n NUMERTCAL EVAL,ATICN OF JMFINTTF SERIES AND INTEGRALS WHICH

DARISE IN CERTAIN PRCBLEMS Nf LTYNEAR [EAT pLOWe ELECTROCHEMICAL

anIFFUSION, ETC.

SOURCE: PHYSICAL CHEMISTRY .1OIRNA

ReFORT NUMBER/CESCRIPTIONt VO, 3%, PP 2785=28R4.

CATE: OCTOBER 193 100PP

tnC OR NASA NQOe

CESCRIPTORS:
le ATMOSPHER]C PHYSICS

AUTHCRS? MINTZ oY,
BEAhoﬁt »
b nBSERYED MEAN FIELE OF MorInn OF THF ATMCSPHERE
SOHRCEi CAMBRICGE RESFARCH CEMTFR (AIP FORCE)
REPCRT NUMBER/CESCRIPTION: GEMPuYS, RFSEARCH PAPERS No, 17
CATE! AUGUST 1962 65PP
cnC CR NASA NOe 626678
CONTRACT NUMBER AF 19(122)=48
RFSCRIPTORS !
le ATMOSPHERIC PHYSICS
18¢ METECRCLCGY SUMMARY STURIFS
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180,

le1.

243.

266,

229.

303,

A[THCRS ¢ MININER'R. A,
b HIGHFR ATMOSPRER[C DENSITTEe #ND TEMPERATURES DEMAMDED BY
DSATELLITE AND RECENT RDCKET MEFSHRFMENTS

scBR(Ez GECPHYS1Cs CCRP, OF AMEP[CA

REFPCRT NUMBER/CFSCRIPTION; 781~-c9

KATE: 30 APRIL=1 MAY 41959 32pPP

el CR NASA NOe

PFSCRIPTORS:
18¢ METERRCLCGY SUMMARY sr(nlFg

AUTHCRS? MINZNER+Re A,
RIPLEYswe Se '

o ARDC MGCDEL ATMCSPHERE.195¢

cOURCE: CAMBRICGF RESEARCH CEMTFR (ATR FORCF)

REFORT NUMBER/CFSCRIPTION: AFCRCFaTA=54-204

CATE: DECEMBER 1954 207PP

cnC CR NASA NOo 110233

CESCRIPTORS: <
17 METEORCLOGY =STATISTIFAI s7iDIES
18+ METEORCLCOGY SUMMARY StTyrIFfs

AUTHCRS: MINZNERWR. A,
CHAMPIONJKe So b » PONDH, L.

o ARDC MQDEL ATMCPHEREs 1959

SQURCE: CAMBRICGE RESEARCH CEMTFKR (A]P FORCE)

PEPORT NUMBER/LESCRIPTION: AFCRM=TR=59=247

CATE? AUGUST 1859 l42pp

nnC CR MASA NCe

tEsCRIPTORS
17¢ METEQRCLOGY =STATISTICAY STHDIES
18¢ METEORCLCGY SUMMARY STURIES

ayTHCRSS MISME b,
o MOCELS OF THE ATMOSPLERE INFECRED FROM MFTECROLOGCAL
nQRSERVATICNS

sOURCE: CAMBRIDGE RESEARCH 1 AR, (ATR FORCF)
RFFYORT MUMBER/CFSCRIPTION: Tap_£3s
BATES AUGUST 1964 17PP
nnC CR MASA NCe 453043
cONTRACT NUMBER AF 19(428)=382n
CFSCRIPTORS:

18¢ METEQRCLOGY SUMMARY STURFS

AUTHCRS: MITCHELL,,A, Co G,
ZEMANSKY sbie W4

B RESONANCE RABIAT1[ON AND EYCyTFD ATOMS

SOURCE: CAMBRIDGE UNIVERSITY DRFSS

REFORT NUMBER/CESCPIPTION: %38,2 ™67 C,1

RATE: 196l 33RPP

£nC QR NASA NOe

RFSCRIPTORS
le ATMOSPRERTC PHYSICS
18¢ METEORCLCGY SUMMARY STyrlgsS

AUTHCRS! MOHLER . 1.
THOMPSONvA e He .
o TNVESTIGATICN CF RADIATIOM PATTFRNS JM THE 8-12 MICROM PANGE As
oCRSERVED BY TIROS I1T OVER TuF CARTBREAM Spa nURING ThF PERIOD
n20~21 JULY 1961
SOURCE: TExAs A AND M RESEAPCH FOUNDATLION
RFPORT NUMBER/CESCRIFTION: AFrpl —h4=234
FATE! 1 FEBRUARY 1964 340p
rnC CR NASA NCe 435823
cnNTRACT NUMBER AF 19(604)<R48Q
CESCRIPTORS!
Se RADIANCE (FXPERIMENTA; NTHER)



126«

105.

3a7.

406.

127.

158.

AUTHCRS: MOLLERF,.

© oN THE INFLUENCF OF CHANGFs It THF €0(2) CnNCENTRATION IN AlR
nON THE RACIATION BALANCE OF THF FARTHDS SURFACE AND ON THE
nCLIMATE 2
SOHRCE: GECPHYSICAL RESEARCH ,J011RMAL

REPORT NUMBER/CESCRIPTION: vOt, o MO, 13.PP 3877=388¢

CATES 1 JULY 1563 1obP

BdC CR NASA NQe

LESCRIPTORS ]
1.  ATMOSPHERIC PHYSICs
2, RADIANCE (THEORETICAL 1% 11 )

AJTHCRS ¥ MORALESsF, We

o SEEOND-HARMCNIC EDGE=TRACKED :0P1Z0MN SENSORs AZIMUTH=SCANNING

nTyY

SOHRCE= PROC, FIKST SyMe=INFRARF) gFNSORS FOR SPACECRAFY GUID. + CONTROL
REPORT NUMBER/DESCRIPTION: 0P 123.1%7

CATE: 1965 25PP

£pC CR NASA NQs

CFSCRIPTORS:
7« HORIZON SFMSCRS

AUTHCRS ! MORGENTHALFR+Ge We
FCSDICKGe Eo

1]

o SELECTION OF LAYNCH yEHICLEes SPACECRAFT, AND MISSIONS FOR
oFXPLOKATICN OF THF SOLAR SYSTE™
SoRCES MARTIN COMPANY
RFPORT NUMBER/CESCRIPTION: m-k4-6
DATE! JUNE 1964 232PP
nnC CR NASA NQe
CONTRACT NUMBER MAg§ 8~11123 + yAs g=-11057
CESCRIPTORS:

13+ MISSION pPROFILE

19« LAUNCH yEHICLES AND FACTLTITTES

AUTHORS? MOSTeSe Le

n SUMMARY OF SPACE SYSTEMS eTIDYgS AND DEVELOPMENT CONTRACTS
SOURCE: AVCO CORP,

REPORT NUMBER,/CESCRIPTION!

DATE: JUNE 1964 54pp

DpC OR NASA NOe

CESCRIPTORS S
13, MISSICN proFILE
19« LAUNCH VEHICLES ANp FacTLITIgS

AUTHCRS ! MUENCHsH. S
o pYNAMICS O THE wINTERTIMF &TRPATOSPHERE CIRCULATION
cQuRCE! ATMOSPHERIC SCIENCES ()01RNA

RFFORT NUMBER,CESCRIPTIONS VOIe 224PP 349+360

BATES JULY 1945 12PP

ppC CR NASA NOQOe

nESCRIPTORS:
l4e METEORCLCGY ~ SYNOPYIF STHDTES
16+ MgTEORCLOGY =~ STRATO WARPMINGS

ALTHCRS? MURCRAYsD. G,
MURCRAY oF, Ho o WILLTAMS W, J.
n RALLOON BORNE INFRARED STIIDTES
soyRCE: CAMBRICGF RESEARCH 1 ARORATQORIFS (AIR FORCE)
REPORT NUMBER/CESCRIPTION: 2FFR' 652755
NATES 30 SEPTEMBER 1945 240P
ppC CR NASA NO.
CONTRACT NUMBER AF19(604)7429
nEsCRIPTORS!
S5¢ RACIANCE (EXPERIMENTA] NTHER)
6e RADICMETERS
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226

2Rb.

408

394.

57a
CONF

215,

4n2,

AyTHCRS? MURCRAY D, G

MURCRAYsF, h, o WILLTAMS W, J,
o yARIATICON wITH ALTITUDE OF THF TRANSMITTANCE OF THE EARTHS
nATMCSPHERE wITH GRATING RESOI yTINN
SOURCE: UNIVERSITY OF DENVEP
RFPORT NUMBER/CESCRIPTION: AFFRI =p5=g54
DATE: NOVEMBER 1965 18pp
rpC CR NASA NOe 626632
CONTRACT NUMBER AF 19(628)=%2n2
PESCRIPTORS:

le ATMOSPHERTC PHYS1CS
4e RADIANCE (FXPERIMENTAI 15 )

AUTHCRS® MURCRAYsD. G,
n RACIANCE OF THE EARTH IN SEtECTFD WAVELEMGTH INTERVALS AS
pORSERVED FROM HIGH ALTITUDES
SOURCE: UNIVERSITy OF DENVEP
REPORT NUMBER/CESCRIPTION! DR1 MO, 2149
DATES 31 MARCH 19&4 193pPP
pDC OR NASA NOe 437632
CONTRACT NUMBER AF 33(416)=76123
DFSCRIPTORS?
5¢ RADIANCE (EXPERIMENTAl NTHER)

AUTHORS NAKORENKO +fe Fo
TCKARF 4 Ga )

o CLIMATE CF THE USSR, CLIMATF Nf TWE FRCE ATMOSPHERE, 15SUE 8

sOURCE: AIR FORCE SYSTEMS CnMmANp

REFORT MUMBER/CESCRIPTION: FTn=MT=p3=33g

DATE: 9 FEBRUARY 1965 263PP

onC CR NASA NOe 613988

DFSCRIPTORS:
17¢ METEQORCLCGY =STATISTIFAL STUDYES
18« METEQRCLOGY SUMMARY SyyNIFsg

AUTHCRS? NASA

USAF
o pROGRESS OF THE X~15 RESEARFH ATRPLANF ppOGRAM
SCURCE: FLJGHT RESEARCH CENTEP, EMwARPS Ajr FORCE BASE
REFORT NUMBER/CESCRIPTION:
CATE: 7 QCTOBER 1945 139pp
ppC CR NASA NOe NASA SP=90

CFSCRIPTORS !
4e RACIANCF (EXPERIMENTAI 15 U )
5¢ RADIANCE (EXPERIMENTA) NIHER)
6o RACIOMETERS

AUTHCRS: NASA

b SIGNIFICANT ACHIEVEMENTS TN P! AMETAPY ATMOSPHERES, 1958=1964
sOuRCE: NAgA

REPCKT NUMBER,/CESCLIFTION:

BATE: 1966 59rp

cpC CR NASA NCe SF=-98

EFsCRIPTORS:
1s ATMOSPHEFIC PHYSICS
18+ MgTEORCLOGY SUMMARY STUnIfs

AUTHCRS: NASA

o OFFICE OF SPACE SCIENCE AMD APPLICATIONS = PROSPECTUS 1964 =
oA LISTING OF PRCCGKRAM OPPORTUMITIFS 1965=1980

SQURCE: NASA

REFORT NUMBER/CESCRIPTION?

CATE: 1964 197pp .

nnC OR NASA NOe

DF5CRIPTORS S
13, MISSION PpoFILE
1Se LAUNCH VEHICLES AND FACTLITTES




4n4.

hn5.

17294

1;0.

224

131

AUTHCRS? NASA

a oFfFICE O SPACE SCIFNCE AMD APPLICATICNS = PROSPECTUS 1965 =
oA LISTING OF PROGPAVM OPPORTUMITIFS = 1966-1985

SOURCES NASA

REPORT NUMBER/CESCRIPTIONG

CATE: 10 JUNE 1965

tnC CR NASA NC.

pFsCRIPTORS §
13, MISSICN prOFILE

AUTHCRS: NASA

n oFFICE OF sPACE gCIENCE AMD Appl ICATIChS = APPENDIX B,
uppSCRIPTICNS CF PRESENT AND ORMJFCTEN PROJECTS REFERENCED I
B0sSA PROSPECTLS 1965

SQURCE: NASA

REFORT NyMBER/DESCRIPTION;

CATE: 10 JUNE 1965 315pp

cpC CR NASA NCe.

CESCRIPTORS
11«  TRACKING AND DATA ArQuIsITION
13, MISSICN PROFILE
18 METEORCLOGY SUMMARY STUNIFs
19« LAUNCH VEHICLEG AND FaCTLT1TES

AUTHCRS? NEWCOMB URashe Lo
GROOMaNe Je + HATCHERZNe M.

n NOVEL MOON AND FLANET SEFE¥IMG ATTITIIDE SFNSOR FOR USE [N

ogPACECRAFT ORIENTATION AND CnNTROL

SOURCE: LANGLEY RFESEARCH CENTER

RFPORT NUMBER/CESCRIPTION: PP 4p-%4

CATE? 07PP

chC CR NASA NOe

DESCRIPTORS!
7+ HORIZON SENSCRS

AUTHCRS? NEWELLsRa Fo
o CIRCULATION CF THE UPPER ATMOSPHERE

SOURCE? SCIENTIFI¢c AMgRICAN

REPOKT NUMBER/DESCRIPTION:

CATE: JAN 1964~ JUNE 1964 13pp

noC CR NASA NCe

CESCRIPTCRS S
ls ATMOSPHERIC PHYSICS

AUTHCRS} NEWELL4R, Fe
o FURTHER CZONE 1RANSPORT CALCY! ATINNS AND THE SPRING MAXIMyM
1N CZONE AMOUNT
SOURCE: PURE AND APPLIED GEOPHy<]CS
REFORT NUMBER/CESCRIPTION! VOj e 59 ITIs Pp 191=206
CATE: 1964 16PP
pnC CR NASA NOe
CONTRACT NUMBER AT (30-1)224!
LFSCRIPTORSS
le ATMOSPHERIC PHYSICS
17« METEORCLCGY ~STATISTIrAL sTnDrYEg
18, METEORCLCGY SUMMARY STUR|FS

AUTHCRS!? NIELSONsRe L,
BODE'D. Eo L]

n FFFECT OF BACKGRQUND RADIATYIOM ON PHOTOCONPYCTIVE INDIyM

aANTIMONIDE

sOURCE? SANTA BARPARA RESEARCH CEMTER

REFORT NUMBER/CESCRIPTION!?

CATE: 03ppP
ol CR NASA NOs

LFSCRIPTORS:

6s RADICMETEERS
7e HORIZON SENSCRS

227



228

114,

13z,

260a

230,

g

P

ATHGRS NORDBERG 44 ¢
BAMDEEN ¢We Re s WARNECKE G
KUMDE 4V

o STRATOSPHERIC TLMPERATURE PATTERNS BASED ON RADIOMETRIC
oMEASUREMENTS FRCM THE TIRQOe vIT SATEILITE

SOURCE: GODDARD SPACE FLIGHT CENTER

REPORT NYUMBER/LESCRIPTION: TMy55p45

CATE: MAY 1964 57PP

noC OR NASA NOe Ng4=28930

CESCRIPTORS S
4e RADIANCE (EXPERIMENTA| 15 U )
l4e METEORCLCGY = SYNOPTIr <TUDIES
15« METEORCLCGY = RAW DATA
16e METEORCLCGY « STRATC WAPMINGS
17+ METEORCLOGY =STATISTIFAI STIDIES

AUTHGRS! NORDPBERG 4,
SMITHWe
o ROCKET MEASUREMEMT OF THE STRICTURE UF THE UPPER STRATOSPHERE
ORCE S SYWRBSTUN ON STRATOSP ,
SOUR M UM ON STRATOSPHESIC AND MESOSPHERIC CIRCLATIO
REPORT NUMBER/CESCRIPTIONS: PP 301409 > 1€ CIRCHLATION, BERLIN
CATE: 1962 19PP
rDC CR NASA NC.

CEsCRIPTORSE
ls  ATMOSPHERIC PHYSICS
18+ METEORCLOGY SUMMARY STUrIEeS

AyTHCRS? NORDBERG 4w,
STRUUD siwe Go

o SEASUNAL, LATITURINAL AND DryriaL VARIATIONS IN THE yUPPER

nATMCSPHERE

souRCE: GOCDARC spACE FLIGHT FEMTER

REFPORT NUMBER/CESCRIPTION?

caTE: APRIL 1961 16PP

cnC CR NASA NOs TH: D=703

CFSCRIPTQRSS
14 METEORCLGGY = SYNOPTIC sTI:DTES
17¢ METEORCLCGY =STATISTICAT STUDTES
18. METEORCLCGY SUMMARY STURIFS

BUTHCRS S NORDBERG (W,
BANDEEN W, K, s CONRATHIB, J,
KLNDE 4V s PFRSANOs 1.

o PRELIMINARY REgULTS OF RAPIATIYONM MEASUREMENTS FRCM THF
aT{RCS 111 METEORGLOGICAL SATFLI ITE

sCuRCE: ATMOSPHFRIC SCIENCES 101'RMAL

rFPORT NUMBER,CESCRIPTION! VOl s 19y NP, 1, pp 20430
CATES JANUARY 1962 11PP

nHC OR NASA NQ.

DESCRIPTORS !
5, RADIANCE (EXPERIMENTAL NTHER)
18+ METEORCLCOCGY SUMMARY STURIES

AUTHORS : NOTONsA. R, M
o ATTITUDE CONTROL CF EARTH SATrLlITES
cCURCE: JET PRCPULSICN LABOPAvYOrY
RFFOKT NUMBER/DESCRIPTION: FXTEoNEL plB. NO. 505
pATE: 3 JUNE 1958 45hp
ol CR NASA NOe 264298
CoONTRACT NUMBER DA-04-495-0PD LF
CFSCRIPTORS:
7« HORIZCN SENSCRS
9+ ATTITUCE CONIROL



399,

4n0,

138,

139,

140,

141

AUTHCRS: OFFICE OF MANKED SPACE FLIGHT

cAPOLLG EXTENSION SYSTEMS(ArSY cafARIl ITIES FOR gARTH ORBITAL
nAND LUNAR EXPERIMENTS

SOURCE: NAgA

REFORT NUMBER/CESCRIPTION?

CATE: JULY 1965 30pP

CnC CR NASA NO.

CFSCRIPTORS!
13, MISSION pRCFILE
15¢ LAUNCH VEHICLES AND FACILTTIES

AYTHCRS ! OFFJCE OF MANNED SPACE FLIGHT

o APOLLO EXPERIMEMTS GUIDE

SOURCE: NASA

REPCRT NUMBER/DESCRIPTION: MPr %QN=9

DATES 15 JUNE 19¢5 50PP
np¢ OR NASA NOa

DFSCRIPTORS!
13« MISSION PPOFILE
19« LAUNCH VEHICLES AND FACTLITIES

AUTHCRS® OGLETREE G,
o AIR FORCE/MIT HORIZON DEFTNYTYOM PRNGRAM

SOURCE: MIT

RFPORT MNUMBER/CESCRIPTION: p=49?

pATES MAY 1965 t4pp

enC CR NASA NQs

CFsCRIPTORS!
2e RADIANCE (THFORETICAL 15 U )
3¢ RADIANCE (THEORETICAL OTHER)
4e RADIANCE (EXPERIMENTA] 15 y )
5¢ RADIANCE (EXPERIMEMTAI CTHEPR)
6+ RADIOMETERS
7e HORIZON SENSCRS

AUTHCRS OPPELGe E,
PEARSONsF. A,
o INFRARED MODEL ATMCSPHERES
SOURCE: LOCKHEED MISSILES AND SDACE Cn,
REPORT NUMBER/CESCRIPTION: LM&C=A325515
BATE: 14 JUNE 1963 95pPP
thC CR NASA NOe 408260
coMTRACT NUMBER AF 041(647)-787
CESCRIPTORS:
le ATMOSPHERIC PHYS51CS
2e¢ RADIANCE (THEORETICAL 1 ' )
3e RACIANCE (THFORETICAL OTHFR)
15, METEORCLCGY = RAW DATA
18+ METEORCLCGY SUMMARY STUPIFS

ALTHCRS: PALESsJe C,
KtELING Ce Lo . .

o CONCENTRATION OF ATMOSPHERIr FARHON D10y IDE IN HALATI

SOHFCE: GECPHYSICAL REGFARCH 101ikMAl

RePORT NUMBER/DESCRIPTION: VOI | 704MC, 244 PP 6053-6076

CATE: 15 DECEMBER 1965 24PP

tpC CR MASA NO.

CFSCRIPTORS !
l4e METEQRCLCEY = sYNOPTIC c7pDITES
18, METEORCLCeyY SUMMARY STURJFS

AUTHCRS? PALSER wa Fo
o WICF=ANGLEs LIREAR=-QUTPUT HARTZAN SFNSQR GPTICAL SYSTEM
sCURCE: APPLIED CPTICS

REPORT NUMBER/CESCRIPTION: VOl 4 34NNy 1o PP 63=67

CATE: JARUARY 1964 HPP

roC ¢R NASA NQe

rFeCRIFTORS:
7+« HORIZON SFMSCRS

229



N

230

311.

30.

276,

142,

254,

40l,

' _?ag,g.z-ﬁ ei

e

AUTHCRS: ALSER
o INVESTIGATICN CF PROBLEMS AegnCTATER Wit T:E 8&1&2?1&& OF THE
ol.UNAR HORIZON FROM A SPACE VFTClE = MCNTLLY PROGRESS REPORT
SOURCES NCRTKONICS
RFPORT NUMBER/CESCRIFTION!
CATES 1 APRIL 1964-1 #MpY 19¢4 ipp
nnC CR MASA NOe Cp 58762
CONTRACT NUMBER Nas 8-1103¢9
CFSCRIPTORS:
6e RADIOMETERS

ALTHCRS: PEDERSON,F,
FLJITAsT, ,
p SYNOPTIC INTERPRETATION OF TIROS 1]t MEASUREMENTS OF {NFRARED
nRADIATION
snRCES UNIVERSITY OF CHICACGQ
RePORT NUMBER/CESCPIPTION: PEEEARCH PAPER NO. 19
NATES OCTOBER 1963 39pp
tnC CR NASA NC. 428170
cONTRACT NUMBEK CpB wBG=6
CESCRIPTCRS
14s METEQRCLOCY = SYNORTIr STUDTES
18« METEQRCLCCY SUMMARY STunles

AUTHCRS: PERSKY M, Jo
o (NFRARED HORIZGM STUDIES
SQLRCES BLOCK ENCINEERING, TNC.
RFPORT NUMBER/CESCRIPTION: AFrgl ~64~210
cATE: 31 DECEMBEFR 1963 14PP
rnC CR NASA NOe 430887
CONTRACT NUMBER AF 15(628)=2946
CFSCRIPTORS!
4o RADIANCE (FXPERIMENTA| 15 y )
5¢ KADIANCE (FEXPERIMENTAl PYRER)

AUTHCRS? PETRELLAJA,. Jo
o APTs ON=BOARC GRIDCING SySTFM - puAcE []-RREADBOARD DEVELOPMENT
SOURCE$ ARACON GEOPHYS1CS
REFORT NUMBER/DESCRIPTION: oGo=)2
CATE: JANUARY 1966 spp
ppC CR NASA NO»
CONTRACT NUMBER NAS 5=9p12
CFSCRIPTORS:
20e DATA HANDL ING

AUTHCRS: PHII CC CORPORATION
n pOFPLER PROPAGATION STUDY
SOURCE: PHILCQ CORPORATION
RFPORT NUMBER/CESCRIPTION?: WDy =Tr1993
CATE: 31 JANUARY 1563 58Pp
CnC CR NASA NOs 297414
CONTRACT NUMBER AFC4 (6951=113
CFSCRIPTORS!
le ATMOSPhER]C FHYSICS
18 METEORCLOGY SUMMARY STUNjFS

AUTHCRS? PLANNING RFSEARCH CORP.
CCUGLAS AIRCRAFT COes INCe K]

o TEN-YFAR PRCJEFCTION = MIgelte AMD 4PACE *ARKFT ~ VCLGME 2 =

ppy FRODUCT AREAS

O RCE: PLANNING RFSEARCH CMkPe + DMYFLAS L1RCPAFT CC., INC,

RFPORT NUMBER/CESCRIPTION:

nATE: 5 NOVEMBER 1962 135FP

~nC CR NASA NCe

nFeCRIPTORS
1le TRACKIAG LAD DATA AFQUISITION
19e  LAUNCH veHICLES AND FACTLTTTES



247,

265

365.

255,

l43.

las.

AU}HCRsi PLASS «Ge 1,
n INpRAREp TRANSMISSION STYUPLeS ¢ TNAL RgPCRT, vOLUME v
otRANSMITTANCE 1ARLES FOR S'AMT pAtHs IN THE §TRATOSFHERE
sayRCE: FORD MCTCR CC.
REPORT NUMBER/CESCRIPTION: SSn=TDRr=A2-127-y0L, V
CATE! 22 MAY 1963 297PP
eHC CR NASA NCe 415207
CONTRACT NUMBER AF 04(695)=96
LESCRIPTORS:

1s ATMOSPHERTIC FHYSICS

18¢ METEQRCLOGY SUMMARY sTyflIfg

AUTHCRS: PLASSsGe tiy
n INFRARED TRARNSMIGSION STUPIFS-yDLIME 1-SPECTRAL BARD
nARSCRPTANCE FCR ATMCSPHERIC S _ANT PATHS
sOURCE: FORD MCTOR CCa
REFORT NUMBER/CESCRIPTION: S5n=TDper2-127-y0L, 1
CATE: 2 AUGUST 1962 38PP
ENC CR NASA NOs 446109
CONTRACT NUMBEK AF 04 (695)=06
RFSCRIPTORS !
le ATMOSPFERIC PHYSICS
18¢ METEORCLCGY SUMMARY StUriFs

a(THCRS: PLLASSsGe N,
n INFRARED TRANSM[SSION STUMIFS=FINAL REPORT: VOLUME yv, THE
DINFLUENCE OF Nuvépobs wEAK LINFg O™ THE ARSORPTANCE OF A
negpECTRAL BAND
50yRCE: FORD MCTOR CCe
REPORT NUMBER,CESCpIRTIQON! SS5M=TDpeh2-127-vOLUME IV
CATE: 12 APRIL 1943 26FP
nnC CR NASA NOe 405151
CONTRACT NUMBER AF 04{695)-06
CESCRIPTORS!
le ATMOSPHERIC PHYSICS

AUTHCRS! PRABHAKARA ,C,
o FFFECTS OF NCN-pPHOTOCHEMICAI DPRNCFSSES QN THE MERIDIOMAL
enISTRIBYTION AND TOTAL AMQuNY NF Q7QME IN THE ATMOSPHERE
sOULRCE: GODDARE SPACE FLIGHT FEMTFR

RFFORT NUMBER/CESCRIPTION:

CATE: JUNE 1964 34pp

npC GR MASA NOe TN D=2106

LFsCRIPTORS
le ATMOSPHERIC PHYSICS
18¢ METEORCLCGY SUMMARY STIINIFS

AUTHCRS § PRIESTLEYsCe He Ba
o [SCTROPIC LINMIT AND THE MrCPOsCALF NF TURBULENCE

satRCE: ADyANCES 1M GFOPHYS'Cg

rFFCRT MUMBER/CESCRIPTIONT Y014 Ay Dp 97-100

CATE! 1959 4PP

nnC CR NASA NO.

LESCRIPTORS
le ATMOSPRERFC PHYSICLS
18+ METEORCLCGY SUYMMARY STUrIFS

21 THCRS QUIRDZ4J,. Ko
DLTTONesJe A )

o |PPER=STRATCSPHFRE DENSITVY ANP TEMPFRATURE yARIABILTITY

ANFTERMINED FRCM “ETFOROLOGYCAL RNCXET NFT-ORK RESULTSe 1960-1962

SOURCE: AJR WEATLFR SFRVICE (AR FPRCE)

FEFORY MUMBER/CESCRIPTION: 17%

CATE! DECEMBER 1963 44pp

roC CR NASA NOs

CFSCRIPTORS
14« METEQRCLCCY = SYNOPTIF STHOIES
15« METENRCLCGY =~ RAW DATA
17« METEORCLCCy =STATISTIFAt STIDIES
18, METEORCLCGY SUMMARY STirFS

231



234

323,

3n5.

3R6.

321.

478,

149,

A THCRS: SATEDYF,
HILLEARYsD, T, + MORGANW, A,

B CLCYD-TOP ALTITUDE MEASURFMFYTS FRO™ SATELLITES

snRCE: APPLIEC cprICs

REFORT NUMBER/CESCRIPTION! Y01« 44 MOu 44 PP 495=500

CATE: APRIL 1965 s

npC CR NASA NOe

PESCRIPTGRS:
le ATMOSPREKIC PHYSICS
18« METEORCLOGY SUMMARY STynles

ALTHCRS: SATEDY WF,
HILLEARYsDs Te v WARK D+ Q.

n CLCUD=TOP ANL SURFACE TEMPEPATURES AND TEMPERATURE SGUINDINGS

oFROM SATELLITES

ccyRCE: UNIVERSITY OF MARYLAN®

RFFORT NUMBER/LESCRIPTION:

RATES 22 NGVe 1965-24 HOVe 1945 11pp

pnC OR NASA NC,

nFSCRIPTORS:
24 RADIANCE (THEQRETICAL L& 11 )
4, RADIANCE (EXPERIMENTA} 15 y
18s METEORCLOCY SUMMARY STy™iFg

AUTHCRS: SATEDY oF ,
wARK3De Qe v MORGAN,W, A,

n CLCYL MEASUREMEMYTS FROM GFMTNT=5 [igTIG REFLECTED 5OLAR

nRADIATION

SCcuRCE: UNIVERSITY OF MARYLAND

REFORT NUMBER/CESCRIPTION:

CATE: 22 NGVe 1965-24 NOVe 1945 8|pr

rpC CR NASA NOe

CFSCRIPTORSE
18+ METEQRCLCGY SUMMARY STUN|ES

AUTHCRS? SAUNDERS4Po Ms
RGNIWE oF 4 (o N

o COMPARISON BETVEEN THE HETGHT OF CU™ULUS CLOUDS AND TWE HEJGHT

nnF kADAR ECHOES RFCEIVED FooM THFm

SOURCE: w00Ds FOLF OCEANOGRAPUIC TRNSTITUTICK

PEPORT NUMBER/CESCRIPTION: VOI o 14 PP 296-302

CATE: SEPTEMBER 1962 PP

£nC CR NASA NO,

CFeCRIPTORS:
l4e METEORCLGGAY ~ SYNOPTICA &TUDTES

AUTHCRS: SAWYER sJu Se

n DyNAMICAL ASPECTg CF THE Pl-pPrlfAp sTRATOSPHERIC CIRCyULATION
cC,RCET QUARTERLY JOLRNAL OF THF PCYAL MLTFCRCOLOGICAL SMCIETY
REPYORT NUMBER/CESCRIPTION: VOt | oMy NP 3864 PP 395=404

DATE: OCTOBER 1964 10PP

cnC CR MASA NCa

CFSCkIPTORS:
18 METEQRCLCGYy SUMMARY STyrIFS

ALTHCRS? SCHMICT=BF*DER I,
FAUST yHe '
o CELL SYRUCTURE NF THE ATMASDHCKF= A ST,DY CF THE STRUCTYRFE 0F
ovERITCAL DENS]TY PRCELE
SCURCED Us Se ARMy~ EUROPFAM DFcEARC); OFF ICE
RFPCRT NUMBER,CESCLIPTION: MD,3-6Th YFAR
CATE? MARCH 1965 24PP
tnC QR NASA NQ»
CONTRACT NyUMBER CA=91-591«F; C-33g4
DFSCRIPTORS!
14« MEJEORCLCGY = SYNOPTIF <Jubl1ES
18e METEORCLCGY SUMMARY STy"IFs




345.

98.

288.

SECRFT

3184

234,

150.

AUTHCRS: . SCHNAPF AW
o TIROS, 1, 11 AND 111, DESIGM Pi™ PERFORMANCE
S50URCE: IAS
REFCRT NUMBER/CESCRIPTION: MU, &2-79
cATE: 22 JANUARY=24 JANUARY 1062 3gprP
£nC CR NASA NQOe
CONTRACT NUMBER DA=36=039-50=78007
CESCRIPTORS:

5¢ RADIANCE (EXPERIMEMTA) PTHER)

6e RADIOMETERS

7« HORIZCN SENSCRS

11e TRACKING AND DATA ACQuISITINN

12 SPACECRAFT PCWER SYSIrMe

AUTHCRS . SCHWARZ 4 F,
WARD 9K e A v FALKT,

o WIGH=ACCURACY CONICAL SCAM pOP[2zoN SENSOR OPFRATING 1M THE

n15-MICRON Cp(2) RBAND

SQURCE: pRpC,. FIRST SYMe=INFRARFD SFNSQRS FQR SPACECRAFT GUID,.

REPORT NUMBER/CESCRIPTION; PP 78=rg .

PATE: 1965 l4rp

cnC OR NASA NO,

CFSCRIPTORS:
7e¢ HORIZCN SENSCRS

AUTHCRS: SCHWARZ +F o
wWARDyKs A, » FALK T

o HIGH=ACCyRACY COMICAL SCAM nor17¢c™ <ENSOR OPFRATING TN THE

n15=-MIcRON C0(2) gahp

sORCE: PROCEECINGS oF THE TNFRARFD IMFORMATIOM SyMPOSTQM

REPCRT NUMBER,/CESCRIPTION: PP 1-7

CATE! JUNE 1965 PP

rNC CR NASA NOe NAYSC P-231%

CFSCRIPTORS!
7« HORIZON SENSCRS

AUTHCRS® SELLIN1I.
o AURORAL RADIATIONS IN THE INFRARED
SQURCE: UNIVERSITY OF CHICAGQ
RFPORT NUMBER/CESCRIPTION: [Ac=TiN=199=20 - pART 1
CATE: OCTOBER 196] 27PP
nnC CR NASA NOe 260684
CONTRACT NUMBER Sp=71
CFSCRIPTORS:
le ATMOSPRERTC PHYSICS
4o RADIANCE (EXPERIMENTAL 15 1}
5e RADIANCE (EXPERIMENTAI PTHEP)

Ay THCRS: SENN+H. v
GERRISHWH,

+ CONTROL

P .
o THREE DIMENSICMAL ANALYSIc nF A poECIPITATION=FREE, SEA-BREFZE

DFRCNT BY RADARs TIRCSe VISUAl ¢ AMp MFGOSYMCPTIC DATA
SOURCE: MIAMIy UMTVERSITY OF

RFFGRT MNUMBER/CESCRIPTION:

CATE: 1965 verp

rpC CR NASA NCe 615202

nFSCRIPTORS?
18+ METEQRCLOGY SUMMARY STUNIFS

AUTHCRS: SEYRAF 1K .
CAVISON+G, A,

b SPATIAL FILTER SYNTHESIS

sCILRCE: PROCEDLRES IRIS ,

rFPORT NUMBER/CESCRIPTION: VYOI 4 94 MOe 14 pp 87=95

DATES JANUARY 1964 9PE

nnC CR NASA NG

CFSCRIPTORS?
6s RADIOMETERS
7« HORIZCN SENSCRS

235



238

1s5.

Q7.

436

3a1,

156.

270,

AUTHCRS
SPENCER N, W,
BCGGES5S+Re La » TAEusCH:n.
o pRESSURE. TEMPERATURE AND DENS[TY Tr 90 XM OVER FT, CHURCHILL
scHRCES
RFFCRT MUMBER/CESCRIFTION: pp 376=342
CATE! 170p

£eC CR MASA NCe

CESCRIPTORS:
18 METEQRCLGGY SUMMARY STUR[FS

AUTHCRS: SPIELREKGFRySe Ca

D CONICAL SCAN HCRIZON SENSOR

SCURCE: PRCC, FIKST SYM,=|NFRARFD SFMNSORS pOR SPACECRAFT GUID, + COMTROL
RFPCKT NUMBER/CESCRIPTION! PP 557

PATE: 1965 17pp

epC CR MASA NOe

NFSCRIPTORS ¢
7Te¢ HORIZON SFNSCRS

A1)THCRS: ) STAFF MEMHFRS OF THE WEATHFR FORFCASTIMG
o INVESTIGATION CF TFE STRUCTIIRF OF CIOyD AND WEATHER SYSTEMS
nASSCCIATED WITH CYCLONES IM Tur UNTTER STATES
SOuRCES UNIVERSITy COF CHICArQ
RFFORT NUMBER/CESCRIPTION: Sk Nr, 8641
PATE: 1963
pnC CR NASA NCe
CCNTRACT NUMBER AF 19(604)=722
CESCRIFTORS:
18¢ METEQRCLCGY SUMMARY STUNIFS

AUTHCRS? STANFILLWDW Fa
PASTERNAK yJo Mg .
o HORIZON SCANNFF FCK vENUS AMD MARS, BEC “CDEL 13=~17n - FINAL
nEMINEERING REPCET
s, PCES BARNES EMGINFERING rO,
pFFORT MUMBER/DFSCRIPTION: REr 253
CATE: MARCH 1964 55PP
rRC CR NASA NOe 164-27510
CONTRACT NUMBER MAST-100
CFSCRIPTORS:
Te HORIZON SFMSCRS

AUTHCRS STEINvJe A,
WALKERsJo Ce Ga. [

o MODELS OF THE UPPER ATMCSPHFRFE EGP A wIDE RANGE OF RCUNDARY

pCONDITIONS

sCRPCES ATMOSPHRERIC SCIENCES .)O1'RNMA

pEFORT MUMBER,/CESCRIPTION! YGl e 224 PP 11=17

RATEY JANUARY 1965 PP

RC CR NASA KO

BFSCRIPTORS?
le ATMOSPHERIC PHYSICS

ALTHQRS- STEPHENS yJ. Je
QKSHQRBC. s; s JEHN K, H
o oW TEMPERATURE IM TWE ATMPgPRF 3 D
oUARTERLY TeCkNIcaL REPOR% ﬁn, sz HRE BETWEEN 30 AND soKkM -
SCURCE: UNIVERSITY OF TExAS
RFFCRT NUMBER,CESCRIPTION:
CATE: 1 APRIL 1965-3C JUNE 1945 19PpP
rnC CR NASA NCe 479096
CCNTRACT NuMggR DAL23.072.0Pp_1564
LFSCRIPTORS ¢
18, METEQRCLGGY SUMMARY STUR[Fg




ot |

157.

leg,

208.

159.

438,

160,

AUTHCRS: STROUD+W,e 6e
BANDEENsWa Ko + NORDBFRG,w,
BARTMANsFe Lo v OTTERMAN,J.
TITUS,Pe

o TEMPERATURES AND wINDS IN TwE 20CTIC As GBTAINED By THE ROCKET

nGRENADE EXPERIMENT

SOURCE $

RFPORT NUMBER/CESCRIPTION: PP 3ng=qny

CATE: 20ppP

ppC UR NASA NOe

RFSCRIPTORS:
14s METEQRCLOGY = SYNOPTIF STUDIES
18« METEORCLCGY SUMMARY STURIES

AyTHCRS S STROUD WW. 6o
NCRDBERG s +» BANDEENsWe R,
BARTMANGFoe Lo sy TITUSWPs

n ROCKET-GRENACF MEAs,REMENTS OF TEMPFRATURES AND WINDg IN THE

oMESGSPHERE OVER CHURCHILLe CaAMApA

sOyRCE: GECPHYSICAL RESEARCH 101RMA!

REPORT NUMBER/CESCRIPTION! VGI . 6%s NNe By pP 2307-2323

DATES: AUGUST 1960

nnC OR NASA NOe

rESCRIPTORS?
14« METEQRCLCGY « SYNQOPTIC STULTES
18¢ METEORCLOGY SUMMARY STURIES

AUTHCRS 3 STROUD b, G,
NCRDBERG s e + BANDEENsWe R,

o ROCKET=-GRENACE ORSERVATIOM nF ATMOSPHFERIC HEATING IN YHE ARCTIC

SOURCE? GEOPHYSICAL RESEARCH !O1'RMAL

RFPORT NUMBER/CESCRIPTION! wOI 4 64, NO, 9,PP 1342-1343

DATE: SEPYEMBER 1959 02pPp

enC OR NASA NOe

CFSCRIPTORS?
14¢ METEORCLOGY = SYNOPT]r STUIDIES
18 METEORCLOGY SUMMARY STURIES

AyTHORS S SZIRMAYs§,
b SCIENCE INSTRUMENT SUPPORT e(ANM]MG PLATFORM

sNURCE: JPL SPACE PRCGRAMS syuMMArRY

RFFORT NUMBER/CESCRIPTION: MO, 27=33, VOL, IVe Pp 54=-54
cATE: JUNE 1965 ipp

rnl OR NASA NCs

PFSCRIPTORS:
T« HORIZCN SENSCRS

AUTHCRS: TANG W,
RROOKGeEe Mo v WATSONWB, Fe
v THEORETICAL ANp OBSERVATPNAL STUNIFS OF VORTEX CLOUD PATTERNS
SNURCE: GCA CORP.
RFPORT NUMBER/CESCRIPTION: FINAI REPORT
CATE: 1964
nnC CR NASA NO.
CONTRACT NUMBER CwBR=10626
CFSCRIPTORS:
18 METECRCLCGY SUMMARY STURIFS

AUTHGRS? TEWELESS.

o TIME SeCTION ANp HCDOGRAPH ANALYSIS CF CHURCHILL ROCKeT AND
oRADIOSONDE 4 INDS ANC TEMPERATyRES

sOURCES MONTHLY wEATHER REVIEW

RFPORT MUMBER/CESCRIFTION: PP 125=]136

CATE: APRIL 1961 12pp

rnC CR NASA NO,

DFSCRIPTORS:

14e¢ METEQRCLOGY = SYNOpTIC &TuDTES
16s METEORCLCGY = STRATN waAPMTNGS

239



161. AUTHCRS? THOMASsJ, R,
b A0SO FINE SUN SENSCR
SsoURCE: PROCEDUPES IRIS
RFPORT NUMBER/CESCRIPTION: VO| « 4o MOe 1y PP 141-154
CATES JANUARY 1964 14PP
£0C CR NASA NOe

nFsCRIPTORS
Te HOKIZCN SENSCRS
Be ATT MEASMT (pXcl HORI?OM spNSPS)

2. AUTHCGRS? THOMPSCN yJ,. Re

CKONINeJda Co s KERRy JF, P, E,

o SILENT AREA ANALySIS USINE TIF0s DATA

s :RCES AEROMETRIC RESEARCH, THC,

REPORT NUMBER/CESCRIPTION: FIMAl PEPQRT

DATE: 194

enC CR NASA NQOe

¢CNTRACT NUMBpk R18957542A

nFSCRIPTORS S
186¢ METEQRCLCGY SUMMARY STUFIFS

R0. AUTHCRS: TWwOMEY S,
o COMMENTS ON THE = INVERSINN CY s{AB< OF VARYING THICKI'EgS
SQURCE: ATMOSPRERIC SCIENCES 101RMp
RFFORT MUMBER/CESCRIPTION: wOI o 22, P 95
CATE: JANUARY 1965 01pPP
pnC OR NASA NQOe

LESCRIPTORS:
le ATMOSPRERIC PHYSICS
1be METEQRCLCGY SUMMARY STUNIES

3R0. AyTHCRS! TWOMEY S,
o NCIKECT MEASUREMENTS OF ATMUSPLERTC TEMPERATURE PROFILES FROM
pgATELLITES? T1. MATHEMATICAL AcPFCTS OF THE INVERSION PROBLEM
SQURCE: MONTHLY vEATRER REVYEW
FEPORT NUMEEK/CESCFIPTION: VOLe 94, NNy 6, PP 363=366
CATE: JUNE 1966 4pp
epC CR NASA NC,

rEsCRIPTORS:
le ATMOSPHERIC PHYSICS

250, AUTHCRS! Use Se DEPARTMENT 0OF COMMFRCE
© INFRARED SPECTRA OF ASTROMOsjrLl RORIFS
SOpRCES ye Se CEFARTMFENT CF (PMMERCE
PFPORT NUMBEK/CESCpIPTION: AFFRI =Rg=347
CATE: 24=25=26 JUME 1963 536pPP
£nC CR NASA NQe 602936
CoNTRACT NUMBER AF 61({052)=~t8k
PFSCRIPTORS

le ATMOYPFERIC PHYSICS

2, RADIANCE (THEORETICAL 1% 11 )
3, RADIANCE (THFORETICAL OTHFRK)
4o RADIANCE (EXPERIMENTA) 15 U )
Se RACIANCF (EXPERIMENTAI OTHER)
6e RADIOMETERS

Te HORIZCN SENSCRS
18e¢ METEQRCLCGY SUMMARY STIINIFG

lg2, AUTHCRS: Us 5S¢ WEATHER BURFAU
n CATALOGUE OF METEORGLOGICAL SATrL! ITE DATA= TIROS VI
oTFLEVISION CLCUD PHCTOGRAPHYy nipT 1
SOURCE: Uas S, WEATHER BUREAN
RFFORT NUMBER/CFSCRIPTION: A2a413338 1135,4 PT |
RATE: 1965 191pp
cnC GR NASA NOe

LESCRIPTORS S
14 METEQRCLOCY = SYNCPTIF STULTES
15¢ METEORCLCGY = RAW DATA
18s METEORCLCGY SUMMARY STURFS

240



183,

la4,

376,

2A1,

165,

AUTHGCRS: Us 5S¢ WEATHER BUREAU
o CATALOGUE oOF METEOROLOGICAL SATFLLITE DATA~ TIROS VII
niFLEVISION CLCUD PHCTOGRAPHY PART 2

SOURCES Us Se WEATHER BRUREAL'

RFPORT NUMBER/CESCRIPTION:

DATES 1965 199pp

pnC OR NASA NCe

RESCRIPTORS?
t4e METEQROLCGY = SYNOPTIer STUDTES
15¢ METEORCLCGY = RAW DATA
18s METEORCLCGY SUMMARY STUN]Fs

AUTHORS$ Us Se WEATHER BUREAU
b CATALOGUE OF METECROLOGICAL SATFLLITE DATAe TIROS V1l
aTFLEVISION CLCUD PHCTOGRAPRY PAgT 3

SOURCE: Ue S« WEATRER BUREAL!

REPORT MUMBER/CESCRIPTION: #20,13332 1135,6 PT II1

CATE: 1965 179PP

o€ CR NASA NCe

RESCRIPTORS ¢
14e¢ METEQROLOGY = SYNOPTIC STUDIES
15« METEORCLOGY = RAW DATA
18 METEORCLCGY SUMMARY STUNIFS

AUTHCRS! URANOVASL, A,

n POSITION OF THE 1SCPAyYSE IN sTRATNSPHERIC CyCLONES AND
oANTICYCLONES AND tHE CONNECTYOM NF ITS HETGHT WITH THFE VERTICAL
op1STRIBUTION

5OLRCES TRANSLATIGNS FROM MFTFOnGl 0GIvA 1 GIDROLOGIYA

RFPORT NUMBER/CESCRIPTICON: UPpS: 29+4R1y PP 13«19

DATE: 7 APRIL 1965 7PP

£nC CR NASA NCe N65=-23441

tFSCRIFTORS!
1s ATMOSPRERIC PHYsSJ]Cs

AUTHCRS? VALLEY S, 1 . LEDITED BY)
o HANDBOOK OF GEOPHYSICS AMNR epacF FNVIRONMEMTS

sOULRCE: MCGRAW=HILL BOOK COMPANY TNC,

REFORT NUMBER/CESCRIPTION?

CATE: APRIL 1965

£nC CR NASA NCe

CFSCRIPTORS:

le ATMOSPRERIC PHYSICS

2e RADIANCE (THEORETICAL 1% 11 )

3. RACTIANCE (THEQORETICAL OTHFRY

4, RADIANCE (FXPERIMENTAI 15 y

5e¢ RADIANCE (EXPERIMENTAL nykgep)
17¢ METEGRCLCCY =STATISTICAI squDtES
18, METEORCLCGY SUMMARY STUN[FS

AUTHCRS! VANDENKERCKHAVE o Jo
RENARD ¢Me [}

o ATTITUDE RECCNSTITLTION TURNAuGH CONTCAL “ORIZOM SCAMMING

SOURCE: EUROPEAM SPACE TECHMOI Ory (C+NTRF

RFFPOKT NUMBER/LCESCRIPTION:

CATE! OCTOBER 1964 4Tnp

cp¢ CR NASA NOe N65+-25365

CFsCRIFTORS
Te HORIZCN SENSCRS
9e ATTITUCE CONTROL

A[ITHCRS® WAGNER 3N, Ko

o THEORETICAL ACCURACY OF A MFTrQRPOLOR]CAL ROCKETSCNLE THFRMISTOR
SAURCES APPLIED ~ETECROLOGY JrtioifL

RFFORT NUMBER/LCESCRIPTION: VU1 o 3epD 461=469

PATE: AUGUST 1964 a9rP

snC CR NASA NCe»

PFeCRIPTORS S
18¢ METEQRCLOGY SUMMARY STUmrlFs
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242

294,

295,

297,

299

3n0.

307,

AUTHCRS: WAGNER 3Ny Ko
HARAGAND. R, : + JEHN+Ke H.
GERHARDTsu, R, "

o IND AND TEMPERATURE IN THE ArpngohFRE BFTWEEN 30 AND Bp KM =

oaUARTERLY TECHNICAL REPORT N 4

SOULRCE: UNIVERS1TY OF TEXAS

REPORT NUMBER/DESCRIPTION?

DATE: 1 APRIL 1961 = 30 JUNF 19+1 620p

npC CR NASA NQe 479080

CONTRACT NUMBER DA=23=072-0RD-156%

CESCRIPTORS:

18 METEOKCLGGY SUMMARY $TUnIFg

AUTHCRS? WAGNER N, Ke
HARAGAN D Re v JEHN (Ko He
GERHARDT sue R [

o WIND AND TEMPERATURE [N THE ATANSPLeRE BrTWeEM 30 AND 80 KM =
OoQUARTERLY TECHNICAL REPORT hnre 5
CAURCE: UNIVERSITY OF TEXAS
RFPORT NUMBER/CESCRIPTION:
CATES 1 JULY 1961 - 30 SEPTFMPE®R 194] 45pp
ppC CR MASA NCs 470081
CONTRACT NUMBER RA=23-072=0PD.1s64
CFsCRIPTORS:
18¢ METEQRCLOGY SUMMARY STUrIFS

sV a . . R RD

o WIND AND TEMPERATURE [N THE ATMASPLFRE BETweeN 30 AN 85 KM -
BRUAKTERLY TECKNICAL REPORT Nme 7 :
SaURCE?! UNIVERSITY OF TEXAS
REPORT NUMBER/CESCRIPTION:
DATES 1 JANUARY 1962231 MARCH 10672 &68pp
nnC CR NASA NC, 479083
CONTRACT NUMBEK DA-23=072-0PDelsgpe
CFgCRIPTORS S

18¢ METEQRCLOGY SUMMARY STINIFS

AUTHORS; WAGNER M, Ko
HARAGAN D, R. » GERHARDT  J. R
n wIND AND TEMPERATURE N Tug AT#PSULeRE BeTWgeN 30 AMp 80 KM -
nQUARTERLY TECHNICAL REPORT NrPe 9
SoURCE: UNIVERSITY OF TEXAS
RePORT NUMBER/CESCRIPTION:
BATES 1 JyLy 1962-30 SEPTEMPE® 14A2 34pp
ppC CR NASA NO, 479085
CONTRACT NUMBER DA=23-072~0RD=18rpa
PFSCRIPTORS:
18 METEQORCLCGY SUMMARY STUNIFS

AUTHCRS: WAGNER N, Ko
HARAGAND. R, .

o WIND AND TEMPERATURE 1IN Tk ATMNSULERE Bp TWggN 30 ANP 80 KM =

bQUARTERLY TECHNICAL REPORT N~. 10

SOURCE: UNIVERSITY OF TEXAS

RFPORT NUMBER/LCESCRIPTION?

CATE: 1 OCTOBER 1962-31 DECFMPED 19A2  24pp

cnC UR NASA NO, 476086

CONTRACT NUMBER DA=23-072-0FD.1%64

CESCRIPTORS ¢
18e METEORCLOGY SUMMARY SYUNIFS

AUTHCRS: WAGNER N, Ko
HARAGAN+D. R, )

n WIND AND TEMPERATURE [N TuE ATHNSPLERE Be TWEEN 30 AND 80 KM =

onyARTERLY TECHNICAL REPORT Wre 17

SnoyRCE: UNIVERSITY OF TJEXAS

REPOKT NUMBER/DESCRPIPTION:

CATE! 1 APRIL 1963=-3C JUNE 1943 1opp

cpC OR NASA NC, 479088
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